
A p p ro v a l  B h m t

C o r n e lia  X a r le  C otton  Fla. D. 1343 ,

B la g n o s t lc  t e s t s  In c lu d in g  H eaato logy  in  Swine B r u c e l lo s i s
• a t  C apsule  Formation in  B r u c e l la ,

T h es is  and a b s t r a c t  approved! j  '  ? /  _

May 1 7 , 1 3 43 .





c m

^ < !o s o t fx «  30 xo%t>oa J °  mmaSap
mm *mj ■*a»ta»jxn&ea eq^ 30  %m«xXXSV^3
X«T«4«d trj ptr*T&*»ll I o « »  $o

T«XK10S •SW ttpW O  * t »  J O  ^^XtlOB,I O m  8 ? S 0 lg £

B »t»e0  * | « m  «ft««UEos

Jt*

YTMOBM HI HOXtflWOi SIQWCO <XHV 

SISOTEOflHH SHI AS HI lOOIOiOHaH OHXOimKI

s i s a a  o i i s o s s v i a



UMI Number: DP70300

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

Dissertation

UMI DP70300

Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

ProOuest
ProQuest LLC.

789 East Eisenhower Parkway 
P.O. Box 1346 

Ann Arbor, Ml 48106- 1346



I

TABLE of contents

P *9 «

U  IWfHODUCT ION- I

11* HISTORICAL REVIEW .  ............................................................................ 4.

111. /V STUDY Of THE CAP SOLES Of BRUCELLA 18

I n t r o d u c t i o n  18

E x p e r i n o n t a l  P ro e o d v ro o  » • « * » » « »  + » » » •  18
Strains o f  Organism s Used . . « * » * * » » «  19
s ta in in g  Methods « * • • • • • « * * » • * • •  21
C u l t i v a t i o n  o f  O rgontans « * » • • • * • * * •  I t
S e r o lo g ic a l  f u s t s  » * ♦ * • # * » » * * # • #  Z$

Results t #
MioToseopio Appeftfonce o f  Organisms , * * ♦ • I f
L ife  H is to r y  s tu d ie s  * , * * * « * • * « * » •  MM 
In cu b ation  o f  O rgm aitas on S o lid  C u ltu re  Media 8§ 
In cu b a tio n  o f  Organisms on L iq u id  Modi* . * . 3 t

D isc u ss  tint * • * • • « » • • • • * • * » •  •* * • 8§

IV. A STUDY Of THE BLOOD FICTURF IN F0RC1NE BRUCE1LOS IS 54

In tr o d u c tio n  » • • * • # # * « • * ♦ » * • • « *  84

E s p o r f n o n t a i  P r o c e d u r e s  • . * » - « » « * • • • # •  84
Ajtism i♦ (troops »'*- * 4H » » •  't * # * * * » •  * 84
Mettieds o f  C o l le c t in g  Samples , * • • • # * «  85
tesbmiftt es ©f Counts and Teste « * « • * » • •  56

Rcsnlte' * « *; # '♦ ♦ * • *''V *. • # 87
' p « # f I o b |m  57

ErytHrocytcs 5?
Leucocytes • » « • « * • • * » * * • * • • » »  88
Lyag&eeytes * * * * . ;; * * * > • * ♦ * • « • «  59
Monocytes V « # ♦ * . # # • • ♦ * ♦ * * • •  • 60
N e u tr o p h ils  • * « • * « * » ' « * » * • » » »  80
E o s i n o p h i l s  . * * ♦ # ♦ # • « • ♦ *  * # • * * 81
B a so p h ils  81
S ed ltsen ta t io n  Rate , • * • ' * * • * * « « » ♦  i t

D is su a s io n  &Z

V. DIAGNOSTIC TESTS 11 PORCINE BRUCELLOSIS . . . * ♦ •  70

In tr o d u c tio n  ?0

1 !1 1 4 » "1



vn 
x

. 
u

tm
m

m
z 

c
v

tm

mm-
8

oSt

♦

-*

♦ 
♦ ' 
* 
*  
♦

' ♦

*

#■
*

# *
*  * '  

•  ‘ ♦ .  

♦  . *

t?

H
&mm

ft

sc

* * « !«  t*

3 S

SJCmw

* .*. ♦ ♦ ♦

s #  G it*
*4«4M M

*4 *** «n| «* *4
M *"» O  O O

*w

TABLE 
OF 

CONTENTS 
(eo

n
t'd

)



I LI OSfftAf IOK5

Figure  T i t le

I F h«ge«yto* l»  mi B r u c e l la :  N e g a t iv e  Leuaoayt*
Shoving m  F h a g o c y to s is  + « • • « • * . * » * •

Z P h a g o c y t o s i s  o f  B r u c e l l a *  L e u c o cy te  Showing
s l i g h t  P h a g o c y to s is ,  1 -20  b a c t e r i a  In c e l l  ,  *

3 F h a g o cy to a ls  « f  B r u c e l l a ;  L e u c o c y te  shewing
I f o i s r s t e  P h agocytosis^  21 -40  b a e t a r l *  la  c e l l  «

4 P h a g o c y t o s i s  o f  B r u c e 1 las  L e u c o c y te  l o w i n g
Phagocy ios i s ,  more than 40 b a c t e r i a  in

c e l l

5 P h o to m ic ro g ra p h  o f  I M s s r  C u l t u r e  o f  B r u c e l l a
a b o r t u s ,  s t r a i n  2308 ,  Or#wl»f on ¥ r y p t o s e  Agar
a t  370 c ,  » ♦ , # # „  • * • * • # *

c Photomicrograph o f  48-hou r  C ulture  o f  B mice I la  
p e l l i e n s  I ? , S t r a i n  1766, Growing @m P o ^ 2 T o ~ ’ 
I n f u s i o n  Ag&r a t  37° € • » • • • * • • « • « * •

7 Photomicrograph. of  #§-homr C u ltu re  o f  B ruce11a 
a b o r t u s , A ty p ic a l  S tr a in  8 0 1 , Growing on 
P o C a lS r if ifu s lo n  Agar a t  37°  C, • « » * * « « »

S Photom icrograph o f  SG-4ay C u ltu re  o f  B r u c e l l a
a b o r tu s ,  s t r a in  2308, Grown on T r y p t o s e  / - # r
i F 'S T ^ C *

9 Photom icrograph o f  48 -h on r  C u ltu re  o f  Brace 11a
s u ls ,  ’s t r a i n  2872 , d rov in g  on T r y p t o s e T n ro$h .  .

10 Photom icrograph o f  9 6 -h o « r  C ult tire o f  B r u c e l l a
t u t s , s t r a i n  2872 , Growing on Tryptose  B ro th . *

Table

1 Comparison o f  a g g lu t in a t io n  f l i e r s  and O psm o-
c y t o p h a g | c  I n d ic e s  o f  Guinea  P ig s  In o c u la te d
w ith  s t r a i n s  o f  B r u c e l la  k ep t a t  5° C. w ith ou t  
t r a n s f e r  fo r  18 months w ith  Young C u ltu res  o f  
■Hi® same s t r a i n  * » • * * * * . * « »  * * ♦ * * *

2 Comparison o f  A g g lu t in a t io n  T e s t ?  " s i n g  s t r a i n s  
o f  B r u c e l la  Kept a t  §® C* w ith o u t  t r a n s f e r  fo r  
18 months w ith  a Young C u ltu re  o f  t h e  Same 
S t r a in  , » , * » * • # * » #  » * • • * # * » *

Paga

40

41

42

43

44 

40

46

47

48 

4 §

50

51



I v

i t n m n m i o m  (eon t»d )

TaMn T i t l e  Pag#

3 i t n i y  * f  tfe* Development o f  E f f a c e  IIta,
Mucoid Sediment* and Pel I I d ®  Form ation In 10 
S t r a in s  o f  B r u c e l la  „ .* * » : * * * » * * • « * * *  51

CcMperltoa # f  ‘QQl n t I n a t io n  l i t e r s  an# Qp*oiie«
e y to p h s g ic  In d ic e s  o f  Chtlne* F ig s  In o c u la te d  
w ith  Brec o n  c a b o r t u s . S tr a in  £3D8 §3-

a* S tr ip p e d  organ I s a s  ■•, ■; . 
fc#' ' cSrjjMh I i&* s t r ip p e d  o f  c a p su le a  

l a t e r  reg a in ed  
c ,  Smooth s t r a i n  o f  organism s

§ A verage M e e d  P ic t u r e  o f  47  Anim als V a cc in a ted
w ith  King 8 S t r a i n ,  B ruce1 la a « l«  . . . . . . . .  66

6 Comparison  o f  B lood P ic tu r e  o f  Ada I t
I n fe c te d  and U n in fec ted  Swine , * ♦ . * , » « « 67

7 Com parison  o f  15 T y p i c a l  A g e l o t I n a h l o n  and Com­
p le m e n t  F i x a t i o n  T e s t s  i n  a Dretip « f  42 Animals * 77.

A V a r ia t io n s  in  OpeeitoeytepbacSc I n d le e e  In
H ea lth y  Awl tie * * * • « » • » # • » * « • • # * •  f t

® A verage  t y e e i i e e y t e p h a a i c  I n d i c e s  In  40 Hogs
B e f o re  and A f t e r  V a c c i n a t i o n  w i t h  King 8 '’t r a i n
o f  Bruc e l l a  s t t l s  » « * „ ♦ * . * * * * « * « » « * »  7®

10 Comparison mt the Averfcf* C^eenecytephegle lndi~
c e e  ©f Oreepe # f  .Animal* In V arious S ta ges  o f  
Porcine; B r u c e l l o s i s  * « » » • • • « » » ' « • *  # # 80

Orcph

I total ieucecyte* In Infected m*d tfeftlstfected
A n io e le  « . < * • » • » * * » . * * * » « * » # • *  68

11 t o t a l  Lymphocytes In I n f e c t e d  and N e n in fe e te d
fnfiRo i s  « • « » » * » * * * * * • * » • ' * * • • •  i t



ACKlCiWiS.IBMElf

f lie  ftiithor I s  Indebted t o  Or* L* M* Jsmes fo r  

h i s  c o n s t r u c t ! v e  c r i t i c i s m s  during th «  c o u r se  o f

t h e s e  e x p # r l » » t s  a n i  In th e  p r e p a r a t io n  o f  th e

•m ailscr ip t*  mxpressian  o f  th sn k s  and a p p r e c ia ­

t i o n .  Is  a l s o  due Or* John Faber, Dr* Part ‘tfelsvh, 

and !)r* tdo!ph E ieh hom  f o r  t h e i r  h e lp f u l  ?.npges» 

t i a n s  durInn th e  p e r io d  o f  ex p er im en ts!  work*



1

Xffa©OTefxoi

f e r c l n e  b r u c e l l o s i s  s o t  o n ly  c a u s e s  g r e a t  Imsmm  t© the  

•win® I n d u s tr y ,  1mt  i t s  c a u s a l  a g e n t ,  Bra©©IIa a u l a , I s  o f  

c o n s id e r a b le  im portance t© human h e a l t h  b ecau se  i t  i s  patho­

g e n ic  f o r  man, a p p a r e n t ly  much more so  than Brmtellm a b o r tu s  

and p o s s i b l y  app roach in g  B r u c e l la  m e l l t e n s l s  in  t h i s  r e s p e c t .  

S e v e r a l  I n v e s t i g a t i o n s  have dem onstrated  t h a t  I t  can and d oes  

earns# many a b o r t io n s  In sw ine and a l s o  f r e q u e n t ly  produce*  

s t e r i l i t y  In t h e s e  a n im a ls . W hile In g e n e r a l  i t  seems to  be 

a much l e s s  w idesp read  d i s e a s e  than e i t h e r  B r u c e l la  a b o r tu s  

or  B r u c e l la  m e l l t e n s l s  and i s  c o n f in e d  l a r g e l y  t o  th e  hog  

r a i s i n g  d i s t r i c t s  o f  Worth America and c e r t a i n  s e c t i o n s  o f  

Europe and South America th e  d i s e a s e  has r a th e r  h ig h  I n c id e n c e  

in  th o s e  plmeee where i t  ooernri*

In  1 9 2 2 , H adley and Beach found through a q u e s t lo n a lr e  

t h a t  24% o f  188 pu re-b red  h erd s  had a b o r t io n ,  w h i le  Connsnray, 

Durant and Mewman, 19 21 , n o te d  I n f e c t i o n  In 28 o u t  o f  SO 

h erd s  exam ined, There hmwrn hmm  aumerous and somewhat v a r i ­

a b le  r e p o r t s  from s e c t i o n *  o f  th e  M iddle W est, b u t  a l l  ln d l*  

cat© t h a t  b r u c e l l o s i s  o f  sw ine I s  a major d i s e a s e  a f f e c t i n g  

r e p r o d u c t io n  and , from an economic and p u b l ic  h e a l t h  s ta n d ­

p o i n t ,  i t  may p o s s i b l y  be a lm ost as  im portant as  th e  d i s e a s e  

in  c a t t l e .  The d ls e o v e r y  o t  the  c a u s a t iv e  organism s r e s u l t e d  

in  c o n s id e r a b le  work i n  th e  f i e l d  f o r  a p e r io d  o f  about t e n  

y e a r s , but s i n c e  1925 much l e s s  a t t e n t i o n  has been g iv e n  th e  

problem .
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Persons in  ill# publ-io hea-lth f i e l d  were much I n t e r e s t e d  

In  t h e  d is c o v e r y  t h a t  3 r u c a l  la s u l s  was more p a th o g e n ic  f o r

man %hm f  mice I l a  a b o r tu s ♦ However# t h i s  d id  n ot s t im u la t e

t h e  s t u d y  o f  p o r c in e  b r u c e l l o s i s  t o  an y  g r e a t  e x t e n t  - b eca u se  

i t  had been, dem onstrated t h a t  B r u c e l la  s u i s  r a r e ly  a f f e c t e d  

• c a t t l e ,  and the p u b l ic  h e a l t h  p rob  l e a  o f  t h e  mome n t  was t h e  

p o s s i b l e  I n f e c t i o n . o f  mmn through t h e - u s e  o f  raw m i lk *  Be­

c a u s e  o f  enormous l o s s  t o  c a t t l e  p r o d u c e r s  a l l  over  t h e  world#  

resear& i w ork>in b o v in e  b r u c e l l o s i s  has ta k e n 'p r e c e d e n c e  o v e r  

t h e  i n v e s t i g a t i o n s  o f  v i r t u a l l y  a l l  o t h e r  animal d i s e a s e s  f o r  

t h e  p a s t  two decadeg*, %. . .... '< ‘v:

'The d i a g n o s t i c  t e s t s  f o r  p o r c in e  ^ r e e e i  I os  'Wave never

b e e n - e n t i r e l y  s a t i s f a c t o r y .  They have been a d a p t e d . f r o m  

th o s e  used  In b ovin e  b r u c e l l o s i s  I d e n t i f i c a t i o n #  a n d  w h i l e  

th ey  a r e  f a i r l y  s a t i s f a c t o r y  f o r  t h e  d i s e a s e  In  c a t t l e ,  th e  

r e s u l t s  o b t a i n e d  t o  sw ine  b r u c e l l o s i s  d i a g n o s i s  have been t o o  

v a r i a b l e  to  be adequate* With t h i s  in mind  I t  seemed d e s i f ~  

a b l e  t o  make a s t u d y  o f  t t i#  method* o f  d ia g n o s i s  now i n  vogue  

and  to  t r y #  I f  p o s s i b l e #  t o  in tr o d u ce  **me new method w hich  

would be h e lp f u l .  In th e  I d e n t l f i e a i t o n  o f  t h e  d i s e a s e * .

I t  seemed a d v i s a b l e  t o  make a s t u d y '  o f  th e  c a p s u le s  e f  

the  Bruce I la  group  w ith  th e  'Idea, t h a t  t h i s  might- throw some 

l i g h t  on th e  p r o d u ct io n  o f  a n t ig e n s  f o r  t h e  d ia g n o s t i c  t e a t s  

t o  be  undertaken* Hence# a study.- e f  t h e  c a p s u l e s  o f  t h e  en ­

t i r e :  B ruce!  1 a group under v a r y i n g  c o n d i t io n s  was made.

S in c e  th e  b l o o d  p i c t u r e  h a s  b een ,fo u n d  t o  be u s e f u l  In  

t l i t  i d e n t i f i c a t i o n  o f  a.erne other, d i s e a s e s  o f  hogs# a s t u d y  o f
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th e  b lood  p ic tu r e -  In n o ip til  and I n fe c t e d  hege  was c a r r ie d  ©a, 

to  determ ine  w h eth er  t h e r e  was enough d i f f e r e n c e  In th e  b lood  

p i c t u r e s  o f  t h e  two groups 4© make i t  u s e f u l  In t h e  I d e n t i f i ­

c a t io n  o f  t h e  d ia e e ’se*

; th e  w#rk e h  d i a g n o s t i c ' t e e t e  I n c l u d e d  th e  s tu d y  e f  a 

group o f  'those p r e v io u s ly  used  and th e  I n tr o d u c t io n  e f  a t e s t  

new t o  sw ine  b r u c e l l o s i s *  In a d d i t io n ,  th e  M euteld r e a c t io n '  

u s e d ' I n  p h e i M c e h w e ' i d e n t i f f e n t - I o a - M e  t r i e d  tfe d e t e r m i n e  

w h e t h e r  i t  m ight b e ' u s e f u l  1st I d e n t i f y  in§  p o s i t i v e  sera#



XX.

m m t m m m  n w t m

M m m rn m  o f  B r u c e l la ; i r m o e l la  m eX itsn s ia  was th e  t i r e t  

s p e c ie s  o f  th e  genus  B r u c e l la  t o  be I d e n t i f i e d .  I t  appear* to  

have been f i r s t  i s o l a t e d  from th e  s p le e n  o f  p a t i e n t s  who d ie d  

o f  .M editerranean f e v e r  by Bruce in  1887* .The c a u s a t iv e  o rg a n -  

i sm  was named 5ta p h y le o efrsua m e l l t e n a la  by Hugh#® i n  X 8t§ , and 

Bruoot 1 8 9 5 , u sed  th e  term M io rm em m e mrnllt&m$§m A f t e r  

Evans, 1918 , atmd ie d  a b o r tu s  and a e l l t e n c i c  t o g e t h e r # sh e  su g ­

g e s t e d  t h a t  th ey  were s i m i la r  and t h a t  th ey  be g iv e n  th e  g ea er*  

i e  name B acter iu m * l a y e r  and Shaw, 1980f c o n f ir m in g  h e r  r e ­

s u l t s , ,  s u g g e s te d  & more f i t t i n g  name B r u o e l la .  th u s h on orin g  

th e  d i s c o v e r e r  o f  B r u c e l la  g e l i t e a a I s  who a l s o  I n v e s t ig a t e d  

many t r o p i c a l  d i s e a s e s *  T h is  seems a mmoh b e t t e r  d e s ig n a t io n  

than  th e  overworked t e n s  B acterium  and i s  now in  g e n e r a l  use*

The f a s t  t h a t  th e  c h i e f  h o s t  o f  B r u c e l la  m e l l t e n s l s  i s  

th e  m ilk  g o a t  was d i s s e v e r e d  by Zammlt, a member o f  th e  Medi­

terranean F ever  Commission In 1905* The «rgaslgt»  appear* t o  

l o c a l i z e  i n  th e  ud der, th e  s p le e n ,  and the  1 jr»ph g la n d s  in  

th e  g o a t  and f r e q u e n t ly  in  th e  s h e e p .  It may, a l s o ,  a f f e c t  

o th e r  an im als  and g i v e s  r i s e  to  un du lant f e v e r  in  man. I t  i s  

w id e ly  d i s t r i b u t e d  throughout th e  w o r ld ,  and r e p o r t s  o f  c a t t l e  

and sh e e p ,  a s  w e l l  as g e a t a ,  b e in g  I n f e s t e d  w ith  th e  d i s e a s e  

have appeared from t h i s  c o u n tr y ,  Surepe,. and South America*

The second s p e c i e s  o f  th e  g e n u s ,  Brucella a b o r tu s  (Bang), 

was f i r s t  I s o l a t e d  and d e s c r ib e d  by Bang o f  Copenhagen in  

1 8 0 7 . A s s i s t e d  by S t r l b o l t ,  he i s o l a t e d  th e  organism  from
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th«  f « t u s e s  &nd f e t a l  mvmbrant* u f  c a t t l e  t h a t  b a d  a b o r ted ,

and they l a t e r  dem onstrated by  a s e r i e s  o f  experim en ts  t h a t

t h i s  nms one o f  the  c a u se s  of a b o r t io n  in c a t t l e *  By exam In* 

Inrj th e  © i lk  o f  i n f e c t e d  c a t t l e ,  Schroedter and Cotton ,  1911, 

as  w e l l  ao Smith and" Pgbyan, 1012, found t h a t  the  adders  of  

anim als could  he i n f e c t e d ,  t h e  organ Is© g ives  r i s e  to  a cu ta  

inf.lamination e f  the m aternal and f e t a l  p l a c e n t a e ,  produces  

in flam m atory c o n d i t io n s  o f  th*  utorur'& nd o v id u c ts*  and- Is  

-Often p r e s e n t  tft th e  t e s t i s *  I t  has been found t o  I n fa c t  

Other a n I s a I s  t o  a much le s s  e x t a n t ,  and In man th e  organ Isa, 

g iv e s  r i s e  to  tm dulant fever#  I t  Is  more w idespread  than  

B r u c e l la  m eI i t e n s i s  and has baen r e p o r t e d  fro® p r a c t i c a l l y  

every  cou n try  In the  world*

The d i s c o v e r y  o f  t h #  Amo*Ican p o r c i n e  s p e c i e s  o f  t h e  

B r u c e l la  organism from f e t u s e s  e x p e l l e d  p rem atu re ly  fro m . sows 

m s  made by  frat ist  I n  1914, a n d  thus th e  t h i r d  mmhmt  o f  th e  

genus was I n t r o d u c e d ,  In Denmark B ruce I  l a  s u l s  s t r a i n s  have  

been I s o l a t e d  by  Thomsen, 1951 and 1934,  whieh d i f f e r  In  m r *  

t a i n  r e s p e c t s  f rom  t h o s e  found In t h e  U n i t e d  S t a t e s  In t h a t  

ihfty pro due* l i t t l e  I f  any  h y d ro g e n  s u l f i d e  when grown o*  

s u i t a b l e  c u l t u r e  media.# e th y  p o r c i n e  organism  I n f e c t s  o t h e r '
■ ■ - '  'i ■■ f '

a n i m a l s ,  such a s  t h e  h o r s # ,  th #  m w § t h e  dog, and. th e  f o w l ,  

and  produces un du lant fa v o r  In  man*

Bruce 1 la  bronchi s e p t  l e a  and B rucel la  t u l a r e n s j s  a n  la*

e lu d e d  by son# w orkers In  t h i s  g ro u p  b u t  a r e  n o t  u s u a l l y  s© 

c o n s l i t r e d ,  The o t h e r  t h r e e  o r g a n i s m  a r e  c l o s e l y  a l l i e d  and  

t h e i r  d i f f e r e n t i a t i o n  I s  d i f f i c u l t .  While th e r e  i s  s t i l l  s#a#
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c o n t r o v e r s y ,  th e  co n sen su s  of o p i n i o n  I s  t h a t  t h e y  sh o u ld  he 

c l a s s i f i e d  as s e p a r a t e  s p e c i e s ,  a l t h o u g h  t h e r e  a r e  some advo­

c a t e s  o f  a s i n g l e  s p e c i e s  f o r  a l l  t h r e e  g roups*  t h e  term# 

p arame 11 t e n e t s *  p a r a l b o r t t i s , and p a r a s u ia ,  w h i l e  f r e q u e n t ly

used  in  t h e  l i t e r a t u r e  t o  r e f e r  t o  in a g g lu t ln a b le  s t r a i n s  o f  

B r u c e l l a ,  p r o b a b l y  r e f e r  t o  rough  v a r i a n t s  o f  o r ig in a l  smooth

c u l t u r e s  and c o n s e q u e n t l y  t h e s e  t e r m s  m e r e ly  s e r v e  t o  c o n f u s e

t h e  i s s u e ,

B r u c e l la  s u i s  I s  a s t r i c t  p a r a s i t e .  I t s  g row th  Is  n e v e r  

Improved by the  a d d i t i o n  o f  c a r b o n  d i o x i d e  and i t  dot® n o t  

develop t inder  s t r i c t l y  a n a e r o b i c ! c o n d i t i o n s # The American 

t y p e  grows more f r e e l y  t h a n ' t h e  Danish  type*  I t  grows In  t h e  

p r e se n c e  o f  th io n ln *  b u t  I t  I n h i b i t e d  by b a s i c  fu e h s in *  methyl 

v i o l e t ,  and pyrenin# The Danish  ty p e  h a s  t h e  same d i f f e r e n ­

t i a l  s u s c e p t i b i l i t y  a s  th e  American t y p e ,  but 1$ r a th er  more 

s u s c e p t ib l e  to  a l l  dyesj c o n s e q u e n t l y ,  when I d e n t i f i c a t i o n  I s  

made w ith  such  d y e s ,  th e y  sh ou ld  be r e d u c e d  In c o n c e n t r a t i o n #  

The American t y p e  p r o d u c t s  h y d rog en  s u l f i d e  on l i v e r  d u r i n g  

t h e  f i r s t  f o u r  days  o f  Incubation# The Danish  ty p e  p r o d u c t s  

a© h y d ro g en  s u l f i d e #

B r u c e l l a  s u i s  a p p e a r s  t o  p ro d u c e  ta e  same a n t ig e n s  a s  

B r u c e l l a  m e l l t e n s l s * b u t  th e y  a r e  d i s t r i b u t e d  In q u a l i t a t i v e  

p r o p o r t  ion n e a r e r  t h o s e  o f  B r u c e l l a  a b o r tu s # P r o v id e d  a b s o ­

l u t e l y  smooth s t r a i n s  are u se d ,  t h e y  may be d i f f e r e n t i a t e d  

f rom B r u c e l l a  m el l i e n s  I s . b u t  n ot from B r u c e l l a  a b o r t u s # by 

q u a l i t a t i v e  a b s o r p t i o n  o f  a g g lu t in in s #  B r u c e l l a  s u i s  g i v e s  

r i s e  in  g u in ea  p i g s  t o  a d i s e a s e  c l o s e l y  r e s e m b l in g  t h a t  o f



?

I f i i c e  11a m e l t t e n s  i s * f l i t  o r g a n i s m  Is  u s u a l l y  e x tr e m e ly  v i r u ­

l e n t  and  p r o d u c e s  l a r g e  l e s i o n s  In s p l e e n ,  l i v e r *  lymph g l a n d s  

mud t e s t i c l e s *

A g g lu t in a t io n  and complement f i x a t i o n  b o d ie s  a re  v e r y  

p r e v a l e n t  In  b reed in g  b ears  and t h e  d i s e a s e  a p p a r e n t l y  I s  f r e ­

q u e n t l y  t r a n s m it te d  by them* They o f t e n  show n e c r o t i c  in f la m ­

m atory area*  In  t h e  g e n i t a l s ,  e s p e c i a l l y  the  e p i d i d y m i s ,  b u t  

a Is© in  t l i t  t e s t i c l e s  and sem in a l v«*s« t®  In  v a r y in g  d egrees*  

I n  l a t e r  s t a g e s  o f  t h e  d i s e a s e  the  organ s atrophy.* t h e  c a u sa ­

t i v e  o rg a n  I s *  c a n  r e a d i l y  hm i s o l a t e d  from t h e  t i s s u e s  o f  

t h e s e  organs* In  th e  mm organism s a r e  p r e s e n t  i n  t h e  u te r u s  

a s  numerous* w e l l - d e f i n e d  y e l l o w  n o d u l e s  l o c a t e d  In  t h e  d e e p e r  

l a y e r s  o f  th e  a n c o n s  membrane b u t  p r o t r u d i n g  above t h e  s u r ­

f a c e *  I t  may be p o s s i b l e  t h a t  sows a b o r t  more f r e q u e n t ly  t h a n  

i s  su pp osed , as th e y  a re  ca p a b le  o f  e a t in g  th e  f e t u s e s *  th e  

o r g a n  I s a s  may be n r e s e n t  In  th e  m i lk ,  b u t  t i i t y  do n o t  seem t© 

g i v e  the  d i s e a s e  t o  s u c k l in g  p ig s *

p la & n o st ic  T e s t s ; I t  I s  q u i t e  p o s s i b l e  In some c a s e s  o f  

b r u c e l l o s i s  o f  sw ine t o  s a k e  th e  d ia g n o s i s  by c u l t i v a t i o n  o f  

B r u c e l la  su.ls d i r e c t l y  from th e  a n im a l  m a t e r i a l  o r  a f t e r  

g u in ea  p i g  i n o c v l a t fon j  a n d ,  o f  c o u r s e ,  t h i s  i s  t h e  e a s i e s t  

method f u r n i s h e s  p o s i t i v e  p r o o f  t h a t  t h e  d i s e a s e  i s  p r e s ­

e n t*  The organism s a r e  o f t e n  fo u n d  In th e  stomach c o n t e n t s * 

t h e  l u n g s ,  an d  o t h e r  o r g a n s  mi a b o r t e d  f e t u s e s .  I t  mmy a l s o  

be o b ta in e d  f rom  f e t a l  , membranes and f rom th e  g e n i t a l s  ©f 

b o a r s .

Four t e s t s  "have been u t i l i s e d  f o r  t h e  d ia g n o s i s  e f
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p o r c i n e  b r u c e l l o a I s ; t h e  complement f i x a t i o n  t e s t ,  t h e  a g g lu ­

t i n a t i o n  t e s t ,  t h e  p r e c i p i t i n  t e s t ,  and a g rou p  o f  a l l e r g i c  

r e a c t  I o n s ,

Cloei a.nd Sm ith, 1916, H a y es ,  1922# C o t t o n ,  1 9 2 2 , H a i l e y  

m a  Bench, 192 2 ,  Schroeder and C o tto n ,  1§25# thorns a n ,  1931

and 1934, have  made s t u d i e s  o f  t h e  a g g l i i t i n a t i o n  t e s t  and  

have  f o u n d  t h a t  w ith  tw in e  b lo o d  t h e  p r e s e n c e  o f  i n f e c t l o a  

i s  I n d i c a t e d  by a s low  r e a c t  Ion a n d  a somewhat low er  t i t e r  

then  in  c a t t l e .

Cotton and B u d t ,  1952 ,  r e p o r t  t h a t  th e y  w ere  som etim es  

a b l e  t o  dem onstrate  B ruce  I l a  s u i s  in  t h e  b lo o d  o f  sows t h a t  

o n l y  showed t i t e r s  o f  I f 50* B ia n c h ln t ,  1950 , found  b r u c e l ­

l o s i s  In  sw in e  r e l a t i v e l y  f r e q u e n t  w i t h o u t  p o s i t i v e  s e r o l o g i ­

c a l  r e m o t io n s#  COnnoway, Durant  and Newman, 1921 , have  fo u n d  

n e g a t iv e  r e a c t i o n s  In i # i  w h ich  had  a b o r t e d  t e n  days b e f o r e ,  

o r  w it h in  a few days  a f t e r  th e  s e r o l o g i c a l  t e i t e ,  f h o a s e n ,  

1934,  found a g g l u t i n i n s  a p p e a r e d  e a r l i e r  th en  complement f i x a ­

t i o n ,  t o d i e s ,  and he h a s  f r e q u e n t l y  fou n d  t h a t  anim als a b o r t  

when n e i t h e r  complement f i x a t i o n  o r  a g g l u t i n a t i o n  t i t e r s  are  

p r e s e n t #  t h e s e  f r e q u e n t ly  a p p e a r  much l a t e r *  He has  o c c a s i o n ­

a l l y  found a n - I n f e c t e d  animal showing' m l y  t h e  p r e se n c e  o f  

a g g l u t i n i n s  o r ,  som etim es, complement f i x a t i o n  b o d i e s  a lo n e *

H ayes, 1922,  r e p o r t s  some o b s e r v a t io n s  o n  th e  p r o d u c t i o n  

o f  a g g lu t in in s *  He found the® t o  a p p e a r  s e w n  imys a f t e r  

In traven ou s I n j e c t i o n s  mud t h r e e  to  f o u r  weeks a f t e r  a d m i n i s ­

t r a t i o n  by mouth* However, w i t h i n  a month He d is c o v e r e d  con­

s i d e r a b l e  s h i f t i n g  In t h e  p o s i t i v e  p i c t u r e ,  and  some o f  t h e
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an im als  which had  been p o s i t i v e  became n e g a t iv e  and so®# o f  

t h o s e  which had been n e g a t iv e  Instant p o s1 1 1 v e *

Johnson and Huddleson# 1931 # s a y  t h e  d isap p earan ce  e f  

a g g lu t in in s  a l to g e th e r #  o r t h e i r  ten d en cy  t o  d isa p p ea r  In  45 

o u t  o f  02 hogs t h a t  m a t t e d  t o  t h e  a g g lu t in a t io n  t e s t  would  

s t r o n g l y  s u g g e s t  t h a t - t h e  o r g a n le n s , In  m o s t  in s ta n c e s  do n o t  

remain In  th e  body o f  t h e  h@§ lo n g e r  t h a n  fro®; th r e e  t o  f i v e  

m onths#

H ayes, 1922# however# fo l lo w e d  t h e  c o u r se  o f  th e  d i s e a s e  

In a n a t u r a l l y  i n f e c t e d  herd o f  60  hogs by means o f  a g g t u t in a -  

t l o n  t e s t s » In  t h e  h e r d  which  he s tu d ie d #  I t  appeared th a t  

th e r e  was a tendency  f o r  more an im als  t o  r e a c t  over  a lon ger  

p e r i o d  o f  tim e* However, he n o t e d  th a t  th e r e  was a g e n e r a l  

t e n d e n c y  f o r  the  a g g lu t in a t io n  t i t e r s  t o  f a l l  o f f  a f t e r  one 

year*

H o w tf ib  and H ayes# 1931, In a s e r i e s  o f  s y s t e m a t ic  exam-

t u i t i o n s  o f  r e a c t in g  a n im a l s  over a c o n s i d e r a b l e  p e r io d  o f  

time# fo u n d  a d e c r e a s e  In th e  a n t i b o d i e s  a t  th e  ti«*e o f  p a r ­

t u r i t i o n #  a f t e r  which th e r e  o f t e n  came a new r i s e  In t i t e r  tip 

to  a b o u t  th e  o r ig i n a l  l e v e l ,  t h e y  found# how ever ,  1ft r e p e a t e d  

t e s t s  t h a t  t h e  r e a c t ions were s u b j e c t  t o  g r ea t  in d iv id u a l  

v a r i a t i o n  f rom  tim e t o  t i n e #

Thomsen# 1934, b e l i e v e ®  t h a t  t h e  r e a c t io n  power o f  an 

i n f e c t e d  animal g r a d u a l ly  s u b s id e s  more or l e s s  c o m p le te ly  In 

s p i t e  o f  p e r s i s t e n t  I n fe c t io n *

Qwatkin# 1931* s u g g e s t s  th e  a d o p t i o n  o f  th e  p o s i t i v e  agglu*  

t I n a t i o n  r e a c t i o n  In  tw in e  w h ich  th e  o f f i c i a l  American Committee
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has la id  down fo r  c a t t le :  It 100 and h igher Is p o s l t lv e j  I i 5 0 #

suaplcloiftsf i t  23# o f  no s ig n if ica n ce*  Thomsen* 1134* suggests  

th a t a p o s i t iv e  complement f ix a t io n  t e a t  w i t h  1:1000 o f  serial 

#r a smaller amount sh o u ld  he considered a p o s i t iv e  reaction#

He b e l i e v e s  t h a t  such an  animal I t  e i t h e r  in f e c t e d  a t  t h t  

p r e s e n t  t i n e  o r  has p r e v io u s l y  been I n f e c t e d  and f e e l s  th a t  

t h i s  r u l e  h o l d s  aood even  thouoh th e  complement  f i x a t i o n  t e a t  

I t  o n ly  p a r t i a l #  A g g lu t in a t io n  t  iter - ,  o f  ItZO In an In fc c te d  

animal* o r  one o f  tho^e su sp e c te d  o f  in f e c t io n #  s h o e i a he co n ­

s i d e r e d  a s u s p e c t  and  a thorough  ex a m in a tio n  tho Id  foe under* 

taken* Thomsen f e e l s  th a t  a n im a l s  sh o v in g  s o # lu t I n s t I o n  In  

d i l u t i o n s  o f  1 : 5 0  s h o u ld  he d e s i g n * i n i  a s  r e a c t i n g ,  and In f veto­

ed I f  such a n i m a l s  a r e  f o u n d  In  an I n f e c t e d  h e rd*  I f  a g g lu ­

t i n a t i o n  o c c u r s  In d i l u t f e i t s  o f  1* 100 o r  h ig h e r ,  f t  sh ou ld  be 

lo o k ed  upon- a s  d e c i d e d l y  p o s i t i v e *  th en  sen  lias f o u n d ,  hovever*  

t h a t  u n s p e c i f i c  r e a c t i o n s  may go mmm h ig h e r  than  t h i s ,  and 

c o n se q u e n t ly  a c o m b i n a t i o n  o f  p o s i t i v e  comp I orient  f i x a t i o n  und 

a p o lv t in a t io f i  t i t e r s  a r e  n o t  a p e r f e c t  s o l u t i o n  t o  th e  problem* 

H igginbotham  a n d  Heaihm&rt# 1936,  a l s o  f e e l  t h a t  t h e  com- 

plam ent f i x a t i o n  t e s t *  a r e  r o t  a s  c l e a r - c u t  a s  t h e  p r e c i p i t i n  

t e s t  an d  f o r  t h a t  reason  a r e  n o t  s a t i s f a c t o r y *  K a y e s ,  1922, 

it i s o  f e ? l s  t h a t  t h e  comp 1 emcnt f i x a t i o n  t e s t  has  no advantage  

o v e r  th e  a g g l u t i n a t i o n  t e s t #

i n v e s t i g a t o r s  h ave  made a lm o st  ne u se  o f  t h e  p r e c i p i t i n  

t e s t  f o r  t h e  d i a g n o s i s  o f  b r u c e l l o s i s *  Higginbotham and 

Hcatkmaa* 1936# w h i l e  u s i n g  t h e s e  t e s t s  e x p e r im e n t a l ly  In  

s tu d y in g  t h e  d i s e a s e #  th in k  t h a t  th e y  have ne a d v a n t a g e  o v e r
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t h e  a g g l u t i n a t i o n  t e s t  a s  a r o u t in e  p r o c e d u r e *  The 'time and

c o s t  o f  p r e p a r i n g  e x tr a c t *  unite I t  d i s a d v a n t a g e o u s  f o r  gen*, 

e r a l  d ia g n o s t i c  p roced u res*  However* th e y  t h i n k  i t  I s  s a t i s *

f a c t o r y  t o  u s e  In  resea rch *  S tu b b s  and  L iv e ,  1942* I n  s tu d y *  

lu g  t h e  s o n i c  f i l t r a t e  o f  B r u c e l la  ab ortu s  * used  t h e  p r e c i p i ­

t i n  t e s t s  a 1most e x c l u s i v e l y  an d  found  them q u i t e  s a t i s f a c t o r y .  

V e ry  l i t t l e  w r k  h a s  thus f a r  b e e s  p u b l i s h e d  m  t h e  mm  

o f  a l l e r g i c  t e s t s  In  t h e  d ia g n o s i s  o f  p o r c i n e  b r u c e l l o s i s ,  

b u t ' v a r i o u s  e x t r a c t s  h a v e  been  t r i e d  on o t h e r  ex p e r im en ta l  

anim als*  MeFadyaa a n d  stockman* 1913, u s e d  a n  a l l e r g i c  agen t  

p r e p a r e d  In. a way s i m i la r  t o  t u b e r c u l in  and I n j e c t e d  I t  b o th  

s u b c u t a n e o u s l y  an d  I n t r a v e n o u s l y  iti c a t t l e ,  R e ich e l  a n d  

H ark in s ,  1S17, a l s o  u s e d  h e a t ~ k i l l e d  su sp en s io n  o f  organism s  

w h ich  t h e y  I n j e c t e d  I n t r a v e n o u s l y  i n t o  t h e  c a u d a l  f o l d  In  

c a t t l e ,  f l e l s c i i n e r  and. Meyer* 1918,  and  S ta fs e th *  1920* uaed  

h e & W k il le d  auepenaione In  s a l t  s o l u t i o n  I n j e c t e d  In te r d e r -  

m a lly  I n t o  I n f e c t e d  gu in ea  p i g s  and fo u n d  t h e  t e s t  was a r@l I* 

a b l e  In d e x  o f  I n f e c t i o n #

Gordlano* 1929*. u s e d  a h e a t - k i l l e d  tu s p e n s io n  and fo u n d  

f a v o r a b l e  r e a c t io n s  - in'man# Tftomsen* 1934, used  t h e  in tr a *  

cu ta n eo u s  t e a t  Srlth' a p r e p a r a t io n  o f  k i l l e d  o r g a n i s m s  made 

In .the: sam e'gen era l manner a * - t u b e r c u l in  and  f e e l s  t h a t  t h i s  

method of d i a g n o s i s  may be s e r v i c e a b l e  a s  a n  ex p er im en ta l  te a t#  

he fo u n d  t h a t  l o c a l  s w e l l i n g  was produced* o f t e n  to  a v e r y  

c o n s i d e r a b l e  e x t e n t ,  w i t h i n  PA t o  48 h o u r s ,  w h e r e a s  anim al*  

from t h e  h e a l t h y  h e r d  wera n o t  a f f e c t e d  by t h e  I n j e c t i o n ,  

B urnett*  1922, u s in g  f i l t r a t e *  o f  broth  c u l t u r e s ,  a l s o
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o b ta in e d  s a t i s f a c t o r y  a l J e r g lc  r e s u l t #  In sum* *a i n s  fo r d ,  

and fosh ay#  1956, u sed  s p e c i f i c  b a c t e r i a l  fcn tiseru a

i n i r a d e n s a l l y  f o r  d e te c t in g  r e s id u a l  a n t ig e n  p r e se n t  In th e  

sk in* f e n n e l l  a d Hudd lessor*, 193? , p repared  "ondo^anttgen** 

by d i g e s t i n g  ground B r u c o i la  w ith  tr y p s in *  t h i s  gave- s p e c I f *

Ic  sk in  r e a c t io n s  In s e n s i t i s e d  a n i e a l s .  Another p r e p a r a t io n  

produced i>y Stah l#  f u n n e l 1 and H u dd le so n ,  1939, u s e d  p r o t e i n  

n u c l e a t e  o f  B r u c e l la  t o  determ ine I t s  n l l e r g i c  s e n s i t i v i t y  

on s e n s ! t id e d  r a b b its#  Morals*# O tero  end Ctoneales# 1936,

p r e p a r e d  a p u r i f i e d  p r o t e i n  d e r i v a t i v e  w hich «i f e l t e d  #k |n  

r e a c t io n s  In I n f e c t e d  gu in ea  p i § s .  t h e y  fo u n d , oow ever, t h a t  

th e  n u c l e i c  a c id  p o r t i o n  p l a y s  no p a r t  In t h e  p r o d u ct io n  ©f 

t h e  a l l e r g i c  r e a c t io n #  H oddldson’ s Brucel 1 orpin* w tiidt i t

am e x t r a c t  o f  §n tu jt i ,  d r ied  o r g a n ls a s  fro® which th e  s o lu b le  

l l p i o d s  mm  e x t r a c t e d ,  p r o v e d  f a i r l y  e f f e c t i v e  In  anim als  

t e s t e d #  Stubbs and L ive#  1942# i n  s t u d y i n g  t h e  s o n i c  m ethod  

of d i s i n t e g r a t i n g  B r u c e l la ,  u s e d  t h e i r  p r o d u c t  t o  produce  

a l l e r g i c  -response whan s e n s i t i s e d  r a b b it s  and g o i mm  p i g s  

were i n j e c t e d  tn ir a c u ta i ie e w s ly  wi th  th e  p r o t e in  c o n c e n tr a t io n  

©f th e  f i l t r a t e #  T heir  r e s u l t s  s e e n  p r a i s i n g *

?r.e co n cen su s  o f  ©pinton seen*  t o  be t h a t  th e  agc l»ttlne .-  

11 on te»% I s  probab lv  the b e s t  s i n g l e  t e s t  f o r  th« d ia g n o s is  

o f  pore In# b r u c e l l o s i s ,  but I t  Is f a r  from s a t i s f a c t o r y  sine?  

th e  a g g l u t i n i n s  d e v e lo p  senewhat la t a  In to e  d l & i s i t  and d i s ­

appear r a th e r  e a r ly #  th e  c h i e f  d i f f i c u l t y  In th e  use  o f  any  

o f  i l l#  a l l e r g i c  product#  In th e  d ia g n o s i s  o f  tkr  d i s e a s e  I t  

t h a t  tJi©s£ an im als  which have reco vered  from th e  i n f e c t i o n
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wil l  g iv e  a r e a c t io n  s t e l l a r  in nature  to tha t  o f  an im als  

a c t i v e l y  i n f e c t e d .  f l i t  r e s u l t s  o f  t h i s  t e s t  a r t ,  so  f a r ,  

ifiifjf c o n t r a d i c t o r y  an d  t o  d a te  no s a t i s f a c t o r y  a g e n t  f o r  

t e s t s  o f  t h i s  n atu re  h as  been developed#

Capsule Form ation* hcAlpirve, F la s t r ld g a  and Bingham, 

ti?2P, and f i a s t r i d g e  and ^ c A lp lm $ 1930, were t h e  f i r s t  to  

r e p o r t  on a sm coid  ty p *  e f  o r g a n ls a s  In t h e  genus Brucel la  

and su g g e s te d  t h a t  th e e e  e v fa a t 'a e i  w ere en cap su la ted #  

Huddleson^ 1940, found c a p s u le s  on a l l  smooth s t r a i n s  o f  

th e  t h r e e  s p e c i e s  o f  B r u c e l la ,  t h e  rough s t r a i n s ,  a s  w e l l  

as the  smooth, a l s o  show a c a p s u le ,  .H a  found t h a t  a I urge  

p r o p o r t io n  o f  t h e  c e l l s  o f  rough s t r a i n s  emerge from th e  

c a p s u le  when suspended and a l lo w e d  t o  s tan d  in d i s t i l l e d  

w , ; t e r - a t  37° C. C ap su les  may a l s o  be removed by b o i l i n g  i n  

a h o t  ch lo ro fo r ra -e th a r  m ixture  a c i d i f i e d  w i t h  h y d r o c h lo r ic  p 

a c i d ,  ‘Phis trea tm en t a l s o  d e s tr o y s  t h a t  p a r t  o f  the organ-  

, Ism v n ic h  I -3 unde v i s i b l e  by the  usua l s t a i n  Inc? m eth ods . He 

bel ieves  th e  c a p su le *  cons i s t  o f  l i p o i d s  in  c l o s e  com b ination  

w I th  p o l y m c c h a r I d s .

One o f  th e  o u ts ta n d in g  c h a r a c t e r i s t i c s  o f  t h e  mucoid  

form®, a cco rd in g  t o  P ia ts ir ld g e  and & cAlpln«# 1929,  1930,. I s  

t l i e l r  marved Inaga  l u i l n a b l  I I t y  In th e  p r e s e n c e  o f  ant I serum 

prepared  by in j e c t i n g  r a b b i t *  w i t h  o r d i n a r y  a n t ig e n ,  ' M e k l t *  

IS4 ' ; f confirm ed t h e s e  r e s u l t s  and found t h e  m ucoid  t t r a f n i  

* h ig h ly  u g g lu i ln a b le  In  s t r w s  p r e p a r e d  a g a i n s t  homologous  

org a n ism s, and v i c e  v e r s a ,  H a s t f  idga  and ,Vc!M p in * , 1929 

uud 1930, and a ! so h t c k l e ,  1940, foun d  I t  d i f f i c u l t  t o
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p r o d u c t  a g g l u t i n i n  w i t h  mucoid forms i s  compared w i t h  the  

e a s e  w i t h  which  h ig h  t i t e r  serums were  o b ta in e d  from o r d i n ­

a r y  a n t i g e n s *  M ick le ,  In  s t u n i n g  27 s t r a i n s  o f  B r u c e l l a  

which were  o b t a i n e d  from c a s e s  o f  H o d gk in 1s d i s e a s e  and f ro®  

e a s e s  o f  b r u c e l l o s i s ,  t o g e th e r  w i t h  th r o e  s t a n d a r d  s t r a i n s  

from H uddleson*s l a b o r a t o r y #  fou n d  t h a t  f i v e  o f  t h e s e  s t r a i n s  

would p r o d u c t  d e m o n s t r a b l e  c a p s u le s ;  and  f i v e  o t h e r s  showed 

s e r o l o g i c a l  and c u l t u r a l  c h a r a c t e r i s t i c s  s im i la r  t o  th e  en­

c a p s u l a t e d  s t r a i n s ,  but did n o t  produce dem onstrable  c a p su le s#  

He ob served  th a t  in g en era l  th e  organism s produ cin g  c a p s u le s  

were i s o l a t e d  from Hodgkin*s d i s e a s e ,  and th e  u n en cap su la ted  

o rg a n i s m s  came from  c a s e s  o f  b r u c e l l o s i s *  He f o u n d  th a t  th e  

e n c a p su la te d  o rg a n i s m s  serv ed  as  poor a n t ig e n s ,  but he was 

a b le  t o  denude th e  o rgen ten s  o f  t h e i r  c a p s u le s  by c u l t i v a t i o n  

In  b e e f  e x t r a c t  broth  a f t e r  t h e y  had been grown on l i v e r  in ­

f u s io n  a g a r ,  and he fo u n d  them in d i s t in g u i s h a b le  from  th e  

e n c a p su la te d  and n o n -en ca p su la te d  forms* They a c te d  as b e t ­

t e r  a n t i g e n s  than th e  e n c a p s u l a t e d  o rg a n i s m s  and p ro d u c e d  

a g g l u t i n i n s  fo r  th e  e n c a p s u l a t e d  form s t o  h i g h  t i t e r *  The 

o p s o n o c y to p h a g ic  s t u d ie s  made by M ickle  showed t h a t  th e r e  was 

but a s l i g h t  I n c re a s e :  when e n c a p s u l a t e d  organism s w ere  In tr o ­

duced and a l a r g e  I n c r e a s e  In t h e  ind ex  when n o n -en ca p su la te d  

organism s were in je c te d *

P l a s t r t d g e  and M cA lp In t ,  I t W  and i$30,- recommend India  

Ink s t a i n i n g  tech n iq u e  to  show e n c a p s u l a t e d  organism s* T h i s  

method I s  d e sc r ib e d  by Hagan,  1927* M uddleson ,  1940,  recom­

mends a s im i la r  tec h n iq u e  which  he found to  be s a t i s f a c t o r y
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t m  4 * M fi* tr e t !n g  capsule®  In B rw ec lli t ,  Mm a l s o  used  th e  

Chvrchrrnr and h m e l l a n o f f 1333, ie-cbnlgue with sane p r o s p e c t  

o f  s u c c e s s ,  ^ Ic 'O e , 19*0 , h&s used  H ls s* s  c a p su la r  s t a i n  

w ith  good r e s t 'I t s *

0 -•' f i l t M  P i c t u r e : Wfillt t h e r e  has hern no work done on th e

blood p ic tu re  of b r u c e l l o s i s  In s v l n t ,  t h a t  o f  normal h©§ 

blood has been v a r io u s l y  d e sc r ib e d  In te x t  boobs and papers*

In c o n n e c t io n  w i t h - h i s  worli on h er  ch ef  e r a ,  I'ern’nsiRp, 1939#

Hives the fo llow in g  a n a ly s is  o f  norma! hog bloods the- heme** 

-gloMn* -9 #9 ?pe# per I0O cc* as  an average with c o n t l d e r a h l t  -
' ,..,O r • '.-!V  .- -  ■ • * V->:- • '■% v ■ A 0 -0 ' !»'-* i ; -  i". W P  -

V a r ia t io n |  e r y t h r o c y t e s ,  average 5 ,9 1 5f 0 0 0 , ranging fro® a

low o f  4 ,1 7 0 ,0 0 0  to  a h ig h  o f  7 ,6 0 0 ,0 0 0  per craauj l e u c o ­

c y t e s ,  average  1 4 ,0 0 0  per and r«ncie from 6 , 0 6 0  to  £3 ,650$

lym p h o cy tes ,  64*6:% nevtrop h! I s ,  3 7 #£^f e o s i n o p h i l s ,  £*6

basoph 1 1 s ,  0*57"|  menocy t.e s ,  4^* -"In s to  dy!ng th e  $ed 1®e n ta ** 

t i o n  r a t e ,  he used one c e n t im e te r  o f  c l i r e t e d  b lood  In a 

h in th ro b s  h e m a t r o c r l t  tu b e  and measured t h e  s e d im e n t a t io n  a t  . 

r e g u la r  I n t e r v a l s  o f  o r e  hour. .-.He found th e  r a te  t o  be 0 , 0 4  

c e n t h r e t e r  per  turn?,. 7

l » l §  end Shone, 1929, a n a ly se d  thr b lood  somewhat d l f *  ; 

r e c e n t l y ,  l i s t i n g  e r y t h r o c y t e s  a t  6 ,5 6 0 ,0 0 0 $  l e u c o c y t e s ,  £ 3 ,7 0 0 |  

lym ph ocytes , l o , 5 9 0 |  n e u t r o p h i l# ,  4 ,9 7?$  e o s in o p h i l® ,  i , 6 5 f |  

a b a s o p h i l s ,  n o n e . Duk«» i«  PhXSlMsaZ S i  2<m *& iS. ialSaJL®. 

1935, l i s t s  th e  e r y t h r o c y t e s  as  ? ,4 4 0 ,0 0 0 ;  l e u c o c y t e t ,  1 7 ,1 1 0 ;  

the  lym ph ocytes ,  4 ? t |  m onocytes ,  r t f  n e u t r o n h i I s ,  41.'; c o s in e *  

p h l l s ,  p*S‘'u and t h e  b a s o p h i l s ,  l o t #  tkan 1*0- ,

B o l l  and Irw in , 195 9 , In s tu d y in g  ike b lood  p i c t u r e  In
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c a t  M e ,  d e s ig n a te d  a r t i f i c i a l l y  in f e c t e d  a n im a l s  which c a r r i e d  

c a l v e s  t o  t e r ®  a s  ' ' r e s i s t a n t *  am. 4 t h e s e  w hich  *h@rted a s  "sus­

c e p t i b l e .  n t h e y  found a s i p n l f l e a n t  d rop  In t h e  a v e r a g e  sxom~ 

h e r  o f  l e u c o c y te *  per  c u b ic  c e n t im e te r  f o l lo w in g  th e  i n f e c t i o n  

and  a l s o  a r e d u c t i o n  In t h e  mean number. o f  red b lo o d  c e l l s  in  

each group* Beth g r o u p s  showed an I n c r e a s e  In t h e  a v e r a g e  p e r  

c e n t  - o f  polym orphonuclear le u c o c y te s *  1ft th e  " r e s i s t a n t ” 

g roup  t h e r e  was a s l i g h t  b u t  n o t  v e r y  s i g n i f i c a n t  r i s e  In th e  

a v e r a g e  p e r  c e n t  o f  m onocy tes  and  a v e r y  marked one In " su se t rp -  

t i t l e 11 a n im a ls*  t h e  a v e r a g e  p e r  c e n t  @f lym phocytes was in  

I n v e r s e  p r e p o r t  Ion to  the  n t t i # f  o f  polym orphonuclear l e u c o ­

c y t e s .  There a p p e a r e d  a® s i g n i f i c a n t  change In t h e  b a s o p h i l s  

o r  e o s i n o p h i l s .

Munger and  Htiddlesonff 193§f in s tu d y in g  t h e  b le e d  p i c t u r e  

o f  man In  B ru c e l  l a  i t e j U te n s is  i n f e c t i e n f found I tmeopemla  w i t h  

r e l a t i v e  l y m p h o c y t o s i s  and m o n o c y to s is .  They fo u n d  t h a t  t h e  

r e d  c e l l s  t e n d  t o  be s l i g h t l y  s m a l l e r  than normal and t h e r e  

were p a th o g e n ic  lym phocytes p r e s e n t  in  4© i ©f b r u c e l l o s i s  c a s e s ,  

l i v e r  damage c e l l s  w ere  f r e q u e n t l y  fou n d  In t h e  b lood* Base** 

p h l l l c  g r a n u le s  o f  th e  n e u t r o p h i l s  seemed t o  d i f f e r e n t i a t e  

B r u c e l la  m e l l t e n s l s  from  s u l s  and ab ortu s*  C o ld er# S teen  and 

Baker, 1939, In th e  s t u d y  o f  b lood  from  300 p a t i e n t ®  I n f e c t e d  

w ith  b r u c e l l o s i s ,  found  th e  normal l e u c o c y t e  c o u n t  t o  be about  

o n e - h a l f  t h e  u su a l  number* leu co p en ia  in  o n e - t h i r d  o f  th e  

c a s e s ,  and on t- i i f f f t t i  sheared l e u c o e y t o s l s *  A c t iv e  ly m p h o cy to s is  

was t h e  most striking f e a t u r e  encountered  w i t h  u n u s u a l ly  h igh  

numbers o f  lym phocytes* The t o t e l  number o f  n e u t r o p h i l s  was
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redtaced and m ild  noted*  duo- t #  m a tu r a t io n  d e f e c t s

p ro b a b ly  th e  r e s u l t  o f  damage t o  the  l i v e r ,  C o a g u la t io n

tim e was s low  and o f t e n  incom plete*  and th e  c l o t  r e a c t io n  

was Im perfect*  t h e  s e d im e n ta t io n  r a t e  was n o t  h igh*  f h l s  

group o f  c h a r a c t e r i s t i c s  does not occur in  i t s  e n t i r e t y  In any  

o th e r  d is e a s e *  so m ight be used f o r  c o n f ir m a to r y  e v id e n c e  In 

man.
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A STUDY OF THE CAPSULES OF BRUCELLA

M# e x t e n s iv e  stu d y  lias been asad# on t h e  c a p s u l e s  in  t h e  

e n t i r e  group o f  B r u c e l l a ,  and no l i t e r a t u r e  h as  a p p e a re d  on 

t h e  s u b j e c t  e x c e p t  t h a t  by Huddleson and  M ick le  when t h e y  

r e p o r t e d  th e  d i s c o v e r y  o f  t h e  c a p s u l e s  In 1940*

I t  h a s  long been  known t h a t  i n d i v i d u a l  smooth s t r a i n s  o f  

B r u c e l l a  v a r y  In  t h e i r  p a t h o g e n ic i t y  f o r  exp er im en ta l am ir?) Is ,  

©Yen s h o r t l y  a f t e r  p r i m a r y  I s o l a t i o n !  and I t  was hop ed  t h a t  

through a s t u d y  ©f t h e  p r e s e n c e ,  s i s e ,  d e n s i t y ,  and  c s i tpo s t r ­

i t o n  o f  t h e  c a p s u l e s ,  some q u e s t i o n s  p e r ta in in g  t o  b i o l o g i c a l  

d i f f e r e n c e s  In  c u l t u r e s  w ould  be  a n s w e r e d .

The f o l l o w i n g  s t u d y  was u n d e r t a k e n  In  o r d e r  t o  se e  

w h e th e r  I t  would be p o s s i b l e  t o  d i s t i n g u i s h  be tw een  smooth, 

In te r m e d ia te ,  a n d  rough s t r a i n s  o f  organism s fey t h e i r  m icros  

scop I t  a p p e a r a n c e  m i  t o  determ ine  a n y  d i f f e r e n c e s  w h ich  m ight 

o c c u r  In  c a p s u le  f o r m a t i o n  under v a r y i n g  c u l t u r a l  c o n d i t i o n s .  

A g g l u t i n a t i o n  a n d  o p so n o c y to p l i a g Ic t e s t s  were  u s e d  In  c o n ju n c ­

t i o n  w i t h  guinea  p i g  . in o c u la t io n s  t o  t e s t  t h e  . v i r u l e n c e  o f  t h e  

org an ism s. I t  was hoped t h a t  t h i s  s t u d y  m ig h t  c o n t r i b u t e  

to w a rd  t h e  Improvement o f  v a c e tm e s  ami a n t ig e n s ,  as  w e l l  a t  

to w a rd  t h e  d i a g n o s i s  o f  t h e  d i s e a s e .

Experim ental P r o c e d u r e s  

M a t e r i a l s i  T h i r t y - e i g h t  s t r a i n s  of B r u c e l l a  were  u sed  

l a  t h i s  stu d y , o f  uh leh  e i g h t e e n  w ere a b o r t u s ,  t e a  w ere  st? is ,  

and  t e a  were  m e l i t e n s l s .  Seven o f  t h e  a b o r t u s  s t r a i n s  were
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i s o l a t e d  from th e  stom ach c o n te n t s  o f  a b o r ted  f e t u s e s  a t  t h i s  

lab ora tory*  Ons o f  the  m e l l t e n u f s  s t r a i n s  was I s o la t e d  from 

th e  b lood  o f  a h o g . Yft« o th er  organ Isms had been growing on 

a r t i f i c i a l  c u l t u r e  media f o r  v a r y in g  le n g th s  o f  t H e  and con* 

s l s t e d  o f  v i r u le n t *  a v i r u l e n t ,  and in te r m e d ia te  form s. A l i s t

o f  th e  organlsma used* w ith  a b r i e f  d e s c r ip t io n  o f  each* f o l ­

lows a : •

B r u c e l la  .Abortus s t r a i n s

I t £306* i s o l a t e d  fro® a cow a t  Animal D ise a se  S t a t io n ,
S e l t s v l l i e ,  and grown on a r t i f i c i a l  c u l t u r e  media 
f o r  more th an  two y ears*  A smooth* v ! r u l e n i  organ­
ism* a p p a r e n t ly  one o f  th e  most s t a b le  In th e  c o l ­
l e c t i o n .  A\" ••■</'; /y.;. ; -

t ,  H «4d leson , an. a t y p i c a l  rough s t r a i n ,  n o t  v i r u l e n t .  P f*»  
duces some a n t ib o d y  form ation*  but ha® n ot been re ­
cov ered  adieu I n j e c t e d  In to  animal &*

3 .  19, a smooth s t r a i n  o f  low v i r u l e n c e ,  u sed  in  v a c c in e
p r o d u c t io n .

■4. 4 2 - 2 0 ,  fecBwen Engl te ll  s t r a in *  m e 4  e x p e r im e n ta l ly  f o r
v a c c in e  p r o d u c t io n  fo r  a t im e ,  b u t  l a t e r  became 
a t y p i c a l .

f t  7 0 7 f ,  i s o l a t e d  fro® a f e t u s ,  smooth and e x tr e m e ly  v i r u ­
l e n t  organism*

6* 801* rough s t r a i n  grown on a r t i f i c i a l  c u l t u r e  media f o r
many y e a r s ,  has been t r a n s f e r r e d  MZ  t im e s .

7#" 1119* smooth s t r a i n  u sed  f o r  a n t ig e n  p r o d u c t io n  a t  a n i ­
mal D ise a se  S t a t i o n ,  B e i t s v l l l e *

8* 2473, r e c e n t  i s o l a t i o n  from cow, smooth and v i r u l e n t .

9* 3160 , smooth s t r a i n ,  Alabama I s o l a t i o n  and t y p in g ,  from
cow*

10* 3101 , smooth s t r a i n ,  Alabama I s o l a t i o n  and typ in g*  from
cow*

11* 4 5 6 ,  Huddleson s ta n d a r d , smooth s t r a i n

I f*  In ter m ed ia te  s t r a i n ,  U n iv e r s i t y  o f  Maryland c o l l e c t i o n *
I s o la t e d  from cow*
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13* M x smooth  s t r a i n s  I s o la t e d  a t  Col te g s  Park fro® ab o r ted  
ftittttS* _

ScHgg.Ua . la . i i  . S t e l i a

I# 2 8 7 2 , smooth f v i r u l e n t ,  has  h m n  o s  a r t i f i c i a l  c o l t s  re
media f o r  more than  two years*

2* 1942* , sm ooth, v i r t i ! e n t ,  I s o la t e d  from apld!dyml& o f  a
f*ar«

3# 1942^» sm ooth , v I r e l e n t ,  from a swine I n f e c t e d  w i t h  
•ry*if>tlh<u v;

4* 7 5 0 0 , smooth, v e r y  v i r u l e n t ,  from th e  t e s t i c l e  # f  a hoar
and from  M ood o f  th e  same animal#

5# King 8 ,  an in te r m e d ia te  s t r a t a  o f  low v i r u le n c e  from  
A t t i i m l l a ,  be in g  u sed  e x p e r im e n t s i ly  f o r  *ft$eixi«»

d* In d ian a , a t y p ic a l  s t r a i n  o f  low v ir u le n c e *

f # 3164 , rh i, v i r u l e n t ,  I s o la t e d  fro® e p id id y m is  o f  h oar ,

S ,  3168 , smooth, v i r u l e n t ,  I s o la t e d  from e p id id y m is  o f  h o a r ,
^lajbai«a#

§# 5 0 4 , sm ooth, v i r u l e n t .  I s o la t e d  from c a s e  o f  b r u c e l l o s i s
In man In Worth C arolina*

Id., - 4 7 ,  H uddleson1$ standard  smooth s t r a in *

SSSSSllS , M I I M m I I ,  2 t r a l2 Z

| t Henry, I s o la t e d  from human e a s t  a t  Animal D ise a se  s t a t i o n ,  
B e l i s v U l e ,  sm ooth, v i m  l e n t .

I#  5 2 ? , Utah s t r a i n ,  sm ooth, v ir u le n t *

f t 2330 F I ! , r e c e n t l y  I s o l a t e d  from s  cow, ta t«rm »4f*t#«

4 •  G1766, I s o la t e d  fr<m> a g o a t  a t  B e l t s v l l l e ,  sm ooth, v i r u le n t #

§ 0  F60, P61, I s o la t e d  from human c a s e s  o f  b f v e e l l o s l s  In
Worth C a r o l in a ,  smooth,  v i m l e n t #

6* PI3 ,  P14, I s o la t e d  from m m m  o f  Hodgkin1 a d i s e a s e ,  North 
C aro lIn n , smooth, v i r u l e n t .

fii G ISt, I s o la t e d  fro® b lood  o f  p a t i e n t  w ith  b r u c e l l o s i s ,  
G eo rg ia , sm ooth, v lr u la n t *
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8 * 4 2 8 ,  H«a41es0fif s  s t a n d a r d  smooth s t r a i n ,

A l l  o f  t h e s e  o rg a n i s m s  h a d  been t y p e d  e i t h e r  a t  t h e  Amf* 

ami D i s e a s e  o t s t l o n  a t  B e t t s v i l t e ,  t a r / l a n d ,  or a t  o t h e r  

reputable in s t i tu t io n s *

i^MJLafeta M f th o d s s m e  m o s t  s a t i s f a c t o r y  s t a i n  fug t e c h ­

n i q u e  f o r  showing c a p s u l s s  o f  B r u c e l l a  seems t o  be  a  m o d l f i -  

f o f  fitiddleson*® I n d i a  I n k  *«pstxlar s t a i n *  fftlts I s  

d e s c r i b e d  In  detail In Htiddlescm1 s  r e p o r t ,  1040,  on  t h e  p r e s *  

e n c e  o f  c a p s u l e s  In  B r u c e l l a *  A f t e r  some s l i g h t  m o d I f le n t t I o n s  

o f  Htiddleson* s m e th o d ,  t h e  t~ f i o l q u e  u s e d  In  t i l l s  l a b o r a t o r y  

w i t  a s  f o l l o w s ?

I t  I*  a b so lu te ly  e s s e n t ia l  f o r  th e  success of t h e  t e c h ­

n i q u e  m a t  p e r f e c t l y  clean  s l i d e s  be used* Hew s l i d e s ,  dipped 

In alcohol and burned, g ive  e x c e l l e n t  r e s u l t s ,  i$  do it«w 

s l i d e s  which h a v e  remained f o r  some time ift ether~aleohol a n d  

a r e  then p o l i s h e d  dry* A large I m p  o f  a d i l u t e  suspension  

of organisms In phys io log lea l s a l t  so I n il  *n, d is t i l l* -#  wet mr9 

o r  hfoAn I $ p l a c e d  a t  one end of t h e  t i l d e ,  The d m /  I s  b i­

sected  w i t h  a n o t h e r  s l i d ®  and the s u s p e n s i o n  I s  draw across  

t h e  o r i g i n a l  s l i d #  In  * manner s i m i l a r  t o  th at  used In  making 

g b lo o d  f i l s .  I t  I s  freq u en tly  found t h a t  d raw in g  the f i t ®  

bach and forth  several tim es a'tirmst the s l i d #  w i l l  p r o d u c e  a 

s o r e  even  smear, the s l i d e  should be dried rap id ly  In  a cur­

rent of air* A large Icopfttl of India Ink (almost any India 

Ink w i l l  do i f  the p a r t i c l e  a rt  s m a l l  an# I t  I s  b acter ia  

f r e e )  d ilu te d  one*third with water | s  drawn over the swear o f  

organisms In the same manner as befor# and allowed to  dry.
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The %l m  of th «  drop  should  be staeh t h a t  t h e  Incite Ink f  I I #  

t h i n s  r a p id ly  a s  th e  $1 Ida I s  draw* m orons ,  so t h a t  m  p a r t  o f  

t h e  drop remains a t  th e  end o f  t h e  s l i d e *  I t  i s  th e n  ptf tgog 

In  m ethyl a l c o h o l  (pH 6 *8 ) f o r  two o r  t o r # #  m inu tes  a n d  t r * * * »  

f e r r e d  t o  a Z5% s o l u t i o n  o f  c r y s i f t l  v i o f g t *  T h is  i s  an Impor* 

t a n t  p a r t  o f  t h e  proced ure  b e c a u se ,  I f  t h e  s l i d e s  a r e  mot 

a llo w ed  t o  remain l#n§ enough In  m ethyl a l c o h o l ,  l i v i n g  o rg * * »  

i-w s w i l l  be p r e s e n t  on th e  f i n i s h e d  *1 Ida* C lear  Inc? th e  

s l i d e s  in  x y l o l  h e lp s  produce a more c l e a r - c u t  caps n i t  a f t e r  

tie|nInge
I t  h a s  been found t h a t  by p la c in g  s l i d e s  on damp paper  

t o w e l in g ,  th e y  can be handled s o r t  r e a d i l y  without contam inate

ffiri the hands, a* th e  s l i d e *  do not s l i p  when th e  M aod or  

In d ie  Ink  smears a r e  drawn ****** them* I f  I t  I s  d e s ir e d  to  

examine th e  organism  w ith o u t  s t a i n i n g  f o r  c a p s - l e s ,  th e  In d l*  

Ink need n o t  be draws to  t h e  e n t i r e  end o f  t h e  s i i d e f and th o s e  

organ ism s w i l l  appear s t a in e d  s im p ly  w ith  c r y s t a l  v i o l e t  and 

can r e a d i l y  be compared mril th  t h o s e  s t a in e d  f o r  c a p su le s*

Cultivation of Organ! sates All organisms warn grown on 

l i v e r  Infusion a g a r ,  potato agar, tryptose agar, liver  in fo *  

si^n broth, tryptose broth, liquid potato media, and beef 

e x t r a c t  broth, tinder varying conditions* A ll  media n t # i  wmm 

adjusted t o  a f i n a l  pH o f  6 #§* Seram f rom r a b b i t s  Immunised 

•§»!*»% S r e c e t l *  abortus, s t r a i n  ZS0 8 ,  was added  to a l l  t y p e s  

o f  c u l t u r e  media In dilutions of l i  10, an d  strain 2308 was 

§tmm' oft.th is  media to t e s t  the e f fec t  of the serum on capsule 

produ ction *  a s tu d y  m s  made of o r g a n !tat growing on a l l  typo*
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# f  ®tidla  a t  t h e  end o f  I # Z$ $,  4 ,  5 ,  9 ,  12 , IB,  2 0 ,  2 $ ,  and 30 

days s t  room t e m p e r a t u r e  and  a l s o  a t  37° €•  Organism*. h a v e

been k e p t  on l iq u i d  media a t  room tem p erature  w ith o u t  t r a n s f e r  

f o r  a y e a r  .;nd s t a i n e d  and t e s t e d  f o r  v i a b i l i t y .  In a d d i t io n ,  

orqan 1 s:-.e have been k e p t  a t  5° C. on s o l i d  media f o r  p e r ie d s  o f

. 30, 60, 00 , 120 d a y s ,  end tip t o  p e r i o d s  o f  13 months w i t h o u t  

l r » a r f « r  an d  t e s t e d  f o r  v i a b i l i t y ,  ap p earan ce , an d  a n t l g e n l *  

c h a r a c t e r i s t i e s *  A ll  organism s have been p la te d  out a t  vary­

ing  I n t e r v a l s  and exam ined  f o r  a p p e a r a n c e  o f  rough a n d  smooth 

c o l o n i e s ,  an d  t h e s e  have  b e t a  p i c k e d  o f f  and I n o c u l a t e d  I n t o

media d exaatined**
yero lo^ lcfe l  t e s t s i  A gglutinafclon te s t '?  were cM-rfvd out  

®n a l l  s t r a in #  a t  v a r io u s  p e r i o d s  o f  g r o w th ,  u sin o  r a b b it  s e r a  

prepared w ith  2306 a b o r t u s ,  428 a e l i t e n s l s ,  and 4 V s u i s ,  a s  

w e l l  a s  o t h e r  anim al mm which mm% in to  t h e  la b o r a to r y  froa  

th e e  to  t in e #  ops on ocytop h egIc  t e s t s  were  made i n  c o n ju n c t io n  

w ith  t h e  a g g l u t i n a t i o n  t e s t a *

t h e  tec h n iq u e  need f o r  t h e  o p so n e cy te p h a a ic  t e s t  was a 

m o d i f i c a t io n  of  t h a t  f o l l o w e d  b y  F u d d le s o n  and d e s c r i b e d  In  

h i s  book , '  Bruce  I l e s i s  In  jhs,n and A n im a l s , 1039,  and  In  more 

d e t a i l  by UmMtmmm. s a d  Meyer* 1956* t h i s  m e th e d f l a  t u r n ,  m u  

a m o d i f i c a t i o n  o f  t h e  t e l3h roan~ V eI tch  (1S05 ,  1908} t e c h n i q u e  o f  

a much e a r l i e r  p e r i o d *  Th«* m e tho d ,  a s  a d o p t e d  t o e  r * c d  i n  t h i s  

s t u d y ,  I s  d e s c r i b e d  b r i e f l y  a s  f o l lo w s ?

*hole  c l t r a t e d  b lo o d  I s  e s s e n t i a l  f o r  t h e  t e c h n i q u e *

A 20.4 sodium c i t r a t e  s o l u t i o n  has  been  f o u n d  s a t i s f a c t o r y  unit 

I s  used in  0*2 cc* amounts  to  e v e r y  5 cc* o f  b lo o d  drawn a n #
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I M s  gives a f i n a l  4 tlu t lo .f i  of sodium c itr a te  i n  t h e  b l e n d

e f  0«8"v» th e  a n t ig e n  I t  prepared  fo r  t h e  b lood  o f  c a t t l e  by 

ttit!n§ a s o l u t i o n  o f  0#5*» barium c h lo r id e  want so d lw -  c h lo ­

r id e#  The a n t ig e n  f o r  a l l  o t h e r  ty p e s  « f  b lood I s  prepare*

In physiological sa lt  sol tit I on* hit a n l l i i i i  are adjw^lei 

by Mans of an el ectrophotoraeter :te eorrespond r f / i  8

i 'aeForland standard* f i l l s  d iffers  material, ty  fro® Kuddlesoat* 

technique In that lit suggests using tube 16 "acParland nepbel* 

osaeier*

c « U I  t u b e s  a r c  employed# s im it a r  t o  t h e s e  u s e d  l a  e t h e r

s e r o l o g i c a l  t e s t s *  a n d  0*1 ee«  e f  e i t r e t e d  M m i  i s  mixed

w ith  0*1 cc# o f  an tigen *  The tu b e*  are  g e n t l y  shaken and In­

cubated  f o r  30 m in u tes  In a 37°  C* m t « r  bath* Upon rcujoval 

th e y  are  shaken and two la r g e  l e o p f a l s  o f  the  m ix tu re  a re  

p la c e d  on a c le a n  t i l d e  and drawn a c r o s s  w ith  a n o th er  s l i d e  

in  t h e  s&ire manner a t  t h a t  used In making b lood  f i l m s .  I f  a 

h e a v ie r  f i l m  I s  d e s ir ed *  th e  sm earing s l i d e  may age in  be drawn 

bach t o  t h e  s t a r t in g  p o in t#  r a i s in g  I t  v e r y  s l i g h t l y  from th e  

s l id ®  which I s  b # tn §  m m * p € *  ' I t  I s  e s s e n t i a l  t h a t  th e  s l i d e s  

fee d r ie d  v e r y  r a p i d l y  In a c u r r e n t  o f  a i r  In order t h a t  th e r e  

fee no d i s t o r t i o n  e f  t lm b lo o d  c e l  Is*  They e r e  then  s t a in e d  

w i t h  to iu M f.e e  b lu e ,  u s l n f  c h l o r o f o m  f o r  f i x a t i o n .  "*hls pro­

duces a deep b lu e  c o lo r  In t h e  o ^ a r H n is  and t oaves t/*o gran­

u l e s  In t in  l e u c o c y t e s  c o l o r l e s s ,

s t a in  o r l n i n s l l y  p rep are#  by Calm ettc# K egr i*  and 

BiHfttet# 1926# Is m d e  up as  f o l lo w s *



l*dts Id Ine felt*# i f i i i i f i i i i f  0*5 §ram 
ethyl alcohol 95 per cent * * * * * *  10*0 cc*
Phenol * * # * » * # # # » * . # # # * *  3#0 ec#
ill s tt  11 ed wet®r t|# $ * * * * * * * *  * 100*0 cc*

The smears are f Ixed In chloroform fro® 5 to 15 seconds an#

completely dried before feeing placed in the s t a i n *  They are 

s ta in e d  fro® one t o  t h r e e  m in u tes  *nd then  washed In d i s t i l l e d  

wu t e r  and rapidly  dr Ied In e l  r w 1 fehout fe lo t t ln g #

The s i t e  o f  t h e  B r u c e l la  organism and t h e  w r y  marked 

p h a g o c y to s is  which «f%#» tuccutrs make I t  n e c e s s a r y  t o  r eco rd  th e  

result** somewhat d i f f e r e n t l y  from t h a t  %f\Ich  Is  u s u a l ly  used  In  

•itch air d ie s *  A. t o t a l  o f  25 n e u t r o p h i l s  a r e  examined In i t # »  

f  s  ren t  p o r wa o f  t  h e a l l  de an d aa cn c*e 11 I a reco r d c d a si f  ̂21 11 ̂ sŝ st 

t« Iferksd* ^ ie n  more f e i n  40  b a c t e r ia  arc  p resen t*  

M sicr iitt#  when f r o m  21 t o  4 0  b a c te r ia  are  p r e se n t#

3* Slight, when leas than 20 bacteria are found*
** N egat ive*  when no b a c t e r i a  are presen t*

The d i f f e re n t  degrees of phagocytosis of B r u c e l la  sujs aretea1* ^  ■ mm ®sr «£**» *»» ***•»*««*

snown in  f i g s *  I# t f . 3 ,  4*

Huddleson emphasizes t h a t  a known S M etii  s t r a i n  of organ-  

is&*s sh ou ld  be 'ttsod  In making the  b a c t e r i a l  su sp e n s io n  end tk ftt

t h i s  sh ou ld  be o f  the  osnosntra t ion  o f  MaeFarltn#«^%pie I f  f o r  

resu l ts*  V/c have found such a concentrated suspension t# 

tm confuting in making counts# inasmuch as I t  i s  i r p o s s i b i e  to  

t o l l  whether t h e  p fgstiism s are  a c tu a l ly  Inside th e  b l* o d  dels* 

p e s e t a s  or l y i n g  m  top o f  them* M oreover, the blood c o r p u s c le s  

o f c a t t l e #  hogs* guinea pigs# and r a b b i t s  w i l l  e n c u l f  more than 

fo r ty  organisms even when the suspension is  very s l i g h t ly  tu rb id
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i f  opsonIns a r e  p r e s e n t ,  a l though  t h i s  nay  not be t r u e  of human 

blood* One of  t h e  m m t  Important  p a i n t s  to b« wm

f e e l ,  Is  to have blood irtileh I s  f r e s h l y  drawn and no t  exposed

t o  e x t r e m e s  o f  h e a t  o r  c o ld *  Blood which  I s  5 o r  6 hours o ld  

does  n o t  a p p e a r  t o  a d v a n t a g e  b e s id e  f r e s h l y  drawn b lo od *  I t  

I s  a l s o  a b s o l u t e l y  e s s e n t i a l  t o  have a 4 0 -h o o r  cu ltu re  of  m 

smooth s t r a i n  o f  organism  which ha* n o t  ir dergone t h e  s i  I g h t e e t  

d i s s o c i a t i o n  o r  l o s s  o f  c a p s u l e s  by  t o o  rap id  t r a n s f e r #  H i#  

c u l t u r e  may be k e p i  a week o r  more In t h e  r e f r i g e r a t o r  ami 

s t i l l  be p e r f e c t l y  s a t i s f a c t o r y ,  but c u l t u r e *  which a re  bra r* in­

f e r r e d  e v e r y  48 hours soon become g a it®  u n r e l i a b l e ,

Ottlm* p*g» were t i s e i  e x c lu s iv e ly  f o r  animal inocu la t ion**

. th ey  were b led  r e g u l a r l y  a t  o«t««wi*k i n t e r v a l s  and k i l l e d  a t  

f o u r  weeks f o r  appearance  of  l e s i o n s ,

se v e r a l  methods were t r i e d  f o r  s t r ip p in g  organism s o f  

t i i e f r  c a p s u l e s ,  such a t  a l lo w in g  them to  r e g a in  in  d i s t i l l e d  

w ater  f o r  12 t o  24 h o u rsf  v e r y  rap id  t r a n s f e r ,  u s in g  6-hour  to  

o n e -d a y  in terv .--!sj  and to e  method psed by f i c k l e  wthh so#«*sa  

In w hich organ ism s were grown on l i v e r  in f u s io n  aqar and t r a in *  

f e r r e d  to  b e e f  b r o th ,

Sgsi|itg

..IJCfoagojDIc  Apj-.earance of, H r fa n lm s s  4 s in g l e  s t r a i n  o f  

Bruce I la  seems to grow e q u a l ly  w e l l  on t r y p i o s e ,  p o t a t o ,  or

l iv e r  infusion  aq^r ;  but d i f f e re n t  s t r a in s  vary considerably 

In t h t  owoiint’ and r i t e  of growth and In the  s i t #  and shape of 

the colonics# All to® organisms s tudied ,  whether growing on 

a r t i f i c i a l  cu lture  madia or In t h e  an iaal body show smp»iilt*
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u nd e r  m o s t  c u l t u r a l  c o n d it io n s *  The u s u a l  s i z e  o f  a c a p s u l e  

v a r i e s  from 1*5 t o  5 microns'* d e p en d ing  on t h e  s t r a i n  o f  th e  

o rg a n i s m  and t h s  c o n d i t i o n s  o f  growth* In  alm ost e v er y  In­

s ta n c e  th e  c a p s u l e s  a rut t h e i r  b a n te r !* !  c e l l s  r e t a i n  t h e i r  

r e l a t i v e  p r o p o r t i o n s *  I f  the  c a p s u l e  becomes l a r g e r ,  th e  c e l l  

does aI so* In g e n e r a l ,  i t  was o b s e r v e d  t h a t  t h e  m o is tu r e  Con­

t e n t  o f  t h e  a e i l a  d e t e r m i n e s ,  t o  a la r g e  e x t e n t ,  t h e  s i z e  o f  

th e  organism and I t s  c a p s u le ,  fh e  a d d i t io n  o f  I0ff iaatttne rab­

b i t  serum d id  n o t  a f f e c t  c a p s u l e  p r o d u c t i o n *  fh e  c a p s u le s  o f  

smooth s t r a i n s  o f  Bruce1 l a  s o l s  and B ruce1 la  a b o r t u s  * g rowing 

on s o l i d  m edia , a r e  s im i la r  l a  ap p earan ce . fh e y  a r e  g e n e r a l ly  

e l l i p s o i d a l  w i t h  a smooth and r a th er  d i s t i n c t  m argin , a p a l e  

p in k is h  p u rp le  c a s t ,  and c o n ta in  a d e e p ly  s t a i n i n g  p u r p l e  bac­

t e r i a l  c e l l  w hich  Is  c e n t r a l l y  l o c a t e d  {F igure  5 ) .  C o n s i d e r ­

a b l e  d i f f e r e n c e  i s  n o t e d  In t h e  shape and s i z e  o f  th e  c a p s u le s ,  

even  when a l l  come from a s i n g l e  co lony*  Some tend  t o  be 

a lm o st  r o u n d ,  and  o t h e r s  appear to  be q u i t e  e lo n g a t e ,  t h e s e  

l a t t e r  a r e  probab ly  I n  th e  p r o c e s s  o f  c e l l  d i v i s i o n  and have  

n o t a s  y e t  s e p a r a t e d .

Mel I t e n s I *  c a p s u l e s  In th e  smooth s t r a i n s  ten d  to  be  round 

w i t h  th e  sane c h a r a c t e r i s t i c s  a s  t h o s e  o b s e r v e #  In  a b o r t u s  and 

s u I s ,  e x c e p t  t h a t  th e  b a c t e r i a l  c e l  1 In g e n e r a l  i s  a l s o  c o c -  

c o 1da1 { F ig u r e  6 )* H e r e ,  a l s o ,  a r e  many d i f f e r e n t  shapes and 

s i z e s .  M e l l t e n s l s  In some c u l t u r e s  app ears a lm ost  l i k e  Bru- 

c e l l a  a b o r t u s  and B ruce1 l a  s u l s  w i t h  m ost o f  t h e  organism s  

e l o n g a t e ,  and I s  a l m o s t  I n d i s t in g u i s h a b le  from them In m icro­

s c o p ic  e x a m in a t io n *
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U n en eap su la ted  organism s a r e  f r e q u e n t l y  n oted  In  smooth 

c u l t u r e s  ©f t h e  t h r e e  s p e c i e s  a s  sm a l l  §y#ttp§ o f  navy b l u e  

organism s w ith o u t  c a p su le s*  They may b« d i s t in g u i s h e d  f rom

e n c a p su la te d  ©r§®ntsfP.s even when th e  c a p su la r  s t a i n  Is  n o t  

used  s in c e  th e y  appear navy b lu e ,  w h i le  th e  e n c a p su la te d  or** 

f a n i s a s  a re  a deep  p u r p l e  when s ta in e d  w i t h  c r y s t a l  v i o l e t .  

These o n e a c a p e u ta ted  organism s a r e  mush'mere numerous In

r a p i d l y  t r a n s f e r r e d  c u l t u r e s  then  i n  t h o s e  which are  Inc a** 

b a t e d  48 h o u r s  or more.

f h e  c a p s u le s  of  th e  rough or In ter m ed ia te  s t r a i n s  v a r y  

c o n s id e r a b ly  In appearance* p a r t i c u l a r l y  u n d e r  d i f f e r e n t  

t y p e s  o f  c u l t i v a t i o n .  (F ig u re  ?)* At 48 hours e f  I n c u b a t i o n  

th e  c a p su la r  m argin I s  l e s s  d e f i n i t e  than  In th e  smooth 

s t r a i n s ,  and in  some form s I t  I s  s l i g h t l y  i r r e g u la r *  The 

i n t e n s i t y  o f  c o lo r  o f  th e  b a c t e r i a l  c e l l  d e c r e a s e s  w ith  t h e  

v ir u le n c e  o f  th e  organism  In most form s, though th e r e  are  

some n o ta b le  e x c e p t i o n s  as*  f o r  eaam ple, S t r a i n  I t  B r u c e l la  

abort.ue* w hich  I s  n e a r ly  as  p e r f e c t  l »  c o l o r  i n t e n s i t y  a s  

th e  m ost v iru lent-. s t r a i n s *  HuddleeeU’ s a v i r u ie n t  s t r a i n  

•hows o n ly  a  f a i n t  s u g g e s t io n  o f  b a c t e r i a l  c e i l  body# The 

p a le  p in k is h  p u r p l e  c o l o r  e f  th e  c a p s u le  I s  p r e s e n t ,  Ilevever*  

When t h e s e  o r g a n i s m s  a r e  grown f o r  s i x  day* a t  37° C* on 

s o l i d  media*. U r g e  and  f a i r l y  d i s t i n c t  c e l l  b o d i e s  appear*  

They  a r e  n e v e r  q u i t e  a s  p e r f e c t  In  m n t t m r  and s t a in in g  

c a p a c i t y  a s  t h e  smooth s t r a i n s ,  how ever,*

In term ed ia te  s t r a i n s  w il l  preduee we 11- s t a i n e d ,  c l e a r -  

c u t  c a p s u l e s  more q u i c k l y  t h a n  rough s t r a i n s ,  b u t  t h r e e  t o
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s e v e r a l  d a y s 1 In cu b atio n  I s  n e c e s s a r y *  In  g e n e r a l *  s i x  days* 

I n c u b a t i o n  a t  3?® C* on s o l i d  media p r o d u c t s  t h e  l a r g e s t  u n i  

H os t  d i s t i n c t l y  s t a i n i n g  organism s In a l l  s t r a i n s #

The smooth s t r a i n s  p r o d u c e  a f a i r l y  w e l l - s t a i n i n g  b a c ­

t e r i a l  c a l l  body w i t h i n  s i x  hoars* and  2 4 - h o u r  c u l t u r e s  show 

alm ost a s  l a r g e  and clear*»etit c a p s u le s  a s  t h o s e  incubated  

f o r  s i x  d ay s i  and  by t h e  end o f  48 h o u r s  th e  c a p s u l e  is  as  

la r g e  and a s  c l e a r - c u t  m  I t  ev er  w i l l  become#

Organisms s t a i n e d  d i r e c t l y  from t i s s u e  o r  t h e  s tom ach  

c o n t e n t s  o f  a b o r t e d  f e t u s e s  show* f o r  t h e  most p art*  two 

ty p e s  o f  o rg a n  Isms* Some of them a r e  la r g e ,  c l e a r - c u t ,  

e n c a p su la te d  form s# w h i l e  o th e r s  appear to  be o f  th e  I n te r ­

m ediate  type* In  th e  sam oles s tu d ie d  a t  th e  la b o r a to r y ,  

th e r e  have a lw ays been a la r g e r  p r o p o r t i o n  o f  w e l l - e n c a p s u ­

la te d *  c l e a r - c u t  organism s t h a n  o f  th e  a p p a r e n t  I n t e r n e d l a t e  

forms*

l i f e  H is to r y  S t u d i e s : l a  s t u d ie s  made a t  r e g u la r  I n t e r ­

v a l s  o f  newly  t r a n s f e r r e d  organism s* c a p s u l e s  showed no 

change during t h e  f i r s t  two h o u r s  and th en  began, t o  become 

r o u g h e n e d  a t - t h e i r  margin and th e  b a c t e r i a l  c e l l  in s id e  be-  

game v i o l e t  In c o lo r *  In t h e  smooth s t r a i n s  th e  b a c t e r i a l  

e e l !  n e v e r  w h o l l y  d isa p p e a r e d * 'b u t  In.-the In term ed ia te  forms 

I t  was no l o n g e r  v i s i b l e *  D u r i n g ' t h e  e n t i r e  24-ho t i r  p e r i o d  

observed*, th e  c a p s u l e  was n o t  l o s t  but gradual l y  changed from  

t h e  rough-edged f o r a  w ith  a v e r y  p a l e  b a c t e r i a l  c e l l  body t o  

a c le a r - c u t *  smooth for®# f h e  tim e consumed in th e  p r o c e s s  

v a r i e d  from s i x  hours t o  s i x  days* d ep en d in g  on th e  s t r a i n  

u n d e r  exam ination*
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In cu b a tio n  o f  organism s on s o l i d  c u l t u r e  m edia  f o r  v a r y * 

I m  p e r io d s ; $Roothf rough* and i f f t e r s s e d l a t e  s t r a i n s  o f  Srt§- 

c e l l s  w ere  k e p t  a t  S t0 C* # s  t r y p t o s e ,  g o to to *  and I Ivor la**, 

f u s i o n  a g a r  f o r  3d days« Who* t r a n s f e r r e d  i© t r y p t o s e  agar  

p l a t e s  a n d  examined f o r  c o lo n y  fo r m a t io n ,  t h e r e  seemed t© ho 

o n l y  s l i g h t  i r r e g u l a r i t y  and  few a c t u a l  rough c o lo n ie s  l a  th e  

u su a l smooth s t r a in s *  t h e  o r l § t e a  1 c u l t u r e  does n ot s e e *  t o  

h a v e  chan ged  g r e a t l y  in  a p p e a r a n c e  when tnettlned  a t c r o s c i i j j -  

l e a l l y j  b u t  ©n b e in g  tr a n s fe r r e d *  a l l  c u l t u r e s  examined shew  

th e  c h a r a c t e r i s t i c s  o f  ro u g h  o r  t n t e m e d i a t e  s t r a in s *  fh e .  

b a c t e r i a l  c e l l  body i s  i n d i s t i n c t  and t h e  m argins ©f th o  p o lo  

p i n k  c a p s u le s  a r e  s l i g h t l y  Ir re g u la r *  t h e r e  i s  a t e n d e n c y  

t o w a rd  c h a i n  f o r m a t  l e u  and clum ping ( F i g u r e  8 )* Rapid  trait©* 

f s r s  c a u s e d  th e  organism s t o  r e g a i n  some o f  t h e i r  f o r m e r  

.gharaet e r i s t i c s ,  h u t  t h e y  hod ..not eottp l a t e l y  rec o v er ed  t h e i r  

■usual a p p e a r a n c e  a f t e r  ' I t  t r a n s f e r s *  0ne guinea  p ig  p a s s a g e ,  

how ever* r e s t o r e d  th e  organism s t© t h e i r  form er appearance*  

Both smooth sind rough s t r a i n s  bdgtn to  show t h i s  c a p su la r  

v a r ia t i o n  about th s  two i f  th  day o f  in c u b a t io n  a t  37° C, #it 

s o l i d  c u l t u r e  madia*

Organisms k e p t  a t  room tem perature  f o r  30 days show v e r y  

l i t t l e  c h a n g e ,  and  two w  t h r e e  t r a n s f e r s  b r in g  them back  t o  

t h e i r  o r i g i n a l  c t e r s c t e r l s t i c s *

In  an  experim ent u s in g  r e f r i g e r a t o r  temperature- a t  5 °  €• 

f o r  s t o r a g e ,  I t  was fo u n d  t h a t  organ I s a s  m a in ta in  t h e i r  v i a ­

b i l i t y  and u su a l a p p e a r a n c e  150 days  w i t h o u t  t r a n s fe r *  h u t  

on b e i n g  t r a n s f e r r e d ,  t h e y  had  many © h a f i t t e r i s t i c s  o f  t h #
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organism s m a in ta in ed  a t  3 f # €* f o r  30 -days* However, th e y  do 

r e g a in  t h e i r  f o rm e r  appearance a f t e r  t h r e e  o r  f o u r ’ r a p i d  

t r a n s f e r i .  Organism s r e t a i n  t h e i r  c h a r a c t e r i s t i c s  on t r a n s ­

f e r  a f t e r  60 days  a t  r e f r i g e r a t o r  tem perature* B r u c e l la  which  

a r e  h e l d  a t  5# C. f o r  one year  end f o r  18 months become s m a l l e r  

h u t  r e t a i n e d  t h e i r  s t a i n i n g  c h a r a c t e r i s t i c s *  On f i r s t  t r a n s f e r  

t h e y  f r e q u e n t ly  a p p e a r e d  t o  be w e l l  e n c a p s u l a t e d ,  though t h e i r  

s e r o l o g i c a l  c h a r a c t e r i s t i c s  and v i r u l e n c e  were  q u i t e  d i f f e r ­

e n t  f rom t h e  o r i g i n a l  s t r a i n ,  th e r e  b e in g  a ten d en cy  f o r  con­

s i d e r a b l e  r e d u c t i o n  In v ir u le n c e *  p a r t i c u l a r l y  w ith  the. form er  

v i r u l e n t  organism s* S t r a i n  2 3 0 0 ,  f o r  example* a f t e r  18 m onths  

a t  r e f r i g e r a t o r  t e m p e r a t u r e  showed l e s s  v i r u le n c e  t h a n  d id  t h e  

same s t r a i n  which h ad  b een  f r e q u e n t l y  t r a n s fe r r e d *  f a b l e  1 

i n d i c a t e s  t h e  r e s u l t s  o f  g u i n e a  p i g  I n o c u l a t i o n s  made f o r  

v i r u l e n c e  o f  t h e  t h r e e  s p e c i e s  o f  o r g a n i s m ,  n f t e r  b e in g  h e l d  

a t  5® €# f o r  18 m onths, none o f  t h e  f o r m e r  v i r u l e n t  s t r a i n s  

a g g l u t i n a t e d  I n  a s  h i g h  t i t e r  a s  t h e y  h ad  a t  t h e  b e g in n i n g  o r  

d u r in g  t h e  e x p e r im e n t*  f a b l e  2 shows t h e  r e s u l t s  o f  t h e  a g g l u ­

t i n a t i o n  t e s t s  In  d e t a i l ,

L y o p h l l i ^ e d  organism s examined m i c r o s c o p i c a l l y  a t  t h e  

end o f  12 months  and 18 months showed a s l i g h t  d e c r e a se  In  

t h e  s l e e  o f  t h e  c a p s u l e  and b a c t e r i a l  c e l l  b e fo r e  I n c u b a t io n #  

b u t  o th e r w is e  t h e y  appeared a s  th e y  d i d  b e f o r e  f r e u s in g  a n d  

d ry ing#  th e  smooth  a n d  rough f o r m s  e a c h  w i t h  t h e i r  own c h a r a c ­

t e r i s t i c s *  t f i t r  c u l t u r i n g  on s o l i d  c u l t u r e  media f o r  48  

h o u r s ,  I t  was f o u n d  t h a t  t h e  o r g a n i s m s  a p p e a r e d  about tw ic e  

a s  long as b e f o r e  l y o p h lU s in g *  M e lI t e n s i s  a p p e a r e d  v e r y
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s i m i l a r  l a  a p p e a r a n c e  t o  th e  usual a b o r t u s  anil s a l s  s t r a i n s ,  

two f a r t h e r  t r a n s f e r s  p r o i n c e d  s t r a i n s  havin g  th e  u s u a l  

c h a r a c t e r i s t i c s ,

In cu b a tio n  e f  Or can ism 9 on l i q u i d  Media f o r  V a ry in g‘«1«W r n m m iK m k i■ i «w s-T.r*- - .IMV. vw»r.wwT7n w,»,. -fcSaS'•MMtom.i+.j'i.u.' s m fej—wwt. ®

F e r l o d s i When examined u n d e r  th e  m icr o sc o p e , B r u c e l la  g r o w  

on l iq u i d  media  a t  37° C . f w h e t h e r  I t  he p o t a t o ,  Z% t r y p t o s e  

b r o t h ,  l i v e r  in f u s io n  b r o th ,  # r  baof in f u s io n  b r o t h ,  1A I -  

b l t s d ' unusua l  c h a r a c t e r i s t i c s  w it h in  24 h o u r s*  These c h an g e s  

were seen  f i r s t  In the  rough and  In ter m ed ia te  s t r a i n s  a n d  

o c c u r  m os t  r a p i d l y  i n  l i v e r  l i f  u s io n  b r o th ,  but a p p e a r  w i t h i n  

t h r e e  days  In t h e  o th e r  k i n d s  of  m edia  m entioned* The ©r§»n«* 

Isms a t  f i r s t  t e n d e d  t o  fo r®  c h a in s  w i t h  each  organism  and 

c a p s u l e  a s e p a r a t e  e n t i t y }  b u t  soon  t h e  In d iv id u a l  c e l l  an d  

i t s  c a p s u l e  was l o s t  and  s e v e r a l  o r g a n I s a s  a p p e a r e d  a s  a  h u ge ,  

long c a p s u l e  s u r r o u n d i n g  a deep r e d  b a c t e r i a l  c e l l  w hich  l i e s  

a lo n g  one s i d e  o f  t h e  c a p s u le  ( F i g u r e s  9 and  1 0 ) .  I f  t h e s e  

o r g a n i s e s  a r e  examined under ft dark f i e l d ,  I t  I s  sometime® 

p o s s i b l e  t o  s e e  t h e  d i v i s i o n s  betw een t h e  s e p a r a t e  organism s}  

but :mor# o f t e n  no s e p a r a t i o n s  a r e  e v i d e n t *  I t '  hue...been r e ­

p o r t e d  b y  s e v e r a l  I n v e s t i g a t o r s  t h a t  o rg a n i s m s  grown' i n  l i v e r  

i n f c c i o n  b r o t h  p a s s e d  f rom  smooth t o  v a r i a n t  fo rm s  r a t h e r  

r a p i d l y  and  became l a r g e r  a n d  l o n g e r  In t h e  v a r i a n t  form* I s  

f ro ®  t h r e e  t o  s i x  days  t h e r e  w ere  numerous uncncap t u la  te d  

organism s t o  be f o u n d  on a l l  s t r a i n s  examined* They a p p e a r  

e a r l i e r  a n d  a r e  g r e a t e r  In  suasbcr In  rough and  I n t e r m e d i a t e  

f o r m s ,  but th ey  mm c l  so  be mmm In  s l i d e s  o f  smooth o r g a n ­

isms i f  g rowing  on l i q u i d  mod!* f o r  s e v e r a l  dcys* .A f te r
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toae ten  or twelve days, a l l  B ruce l la  growing on l i q u i d  media 

appear  e n c ap su la te d ,  but most o f  th en  assume a rough-edged 

form of ca p su le  w ith  an i n d i s t i n c t  b a c t e r i a l  c e l l *  Soma few 

s t r a i n s  show v e ry  l a rg e  m u l t i p l e  c e l l s  even a f t e r  long p e r io d s  

of  growth on l i q u i d  c u l t u r e  n o d lo  (th ro o  months w ith  severa l  

t r a n s f e r s ) *  A f t e r  growth ©n l i q u i d  e u l t u r e  Media w i th o u t  

t r a n s f e r  f o r  twelve m onths# th o so  ©rgmnlsas which l i v e d  appear 

once ag a in  to  have assumed smooth fo rm s ,  even though th e y  were  

©f t h e  rough ®f In te rm ed ia te  type  p r i o r  t© t r a n s f e r  t© l iq u i d  

media* These smooth ©riantsaw, however, 4# n o t  produc t  reeog*  

nlgmble c h a r a c t e r  I s t i e s  ©f b r u c e l l o s i s  in  guinea pigs* However, 

a t i t e r  of Is ZOO -developed in  some lnotom cee w ith  h ig h  opsono­

cy tophagic  a c t i v i t y  In guinea p i g s ,  lo n e  o f  t h e s e  organism s  

proved  to  make a s a t i s f a c t o r y  a n t i g e n : f o r  normal s e r a .

S in c e  many o f  th e  r e s u l t s ,  o b ta in ed  l a  th e  capsu le  s tu d y  

had d i f f e r e d  from th o se  o b ta in e d  by M ickle ,  i t  was thou ght  

t h a t  I t  would be I n t e r e s t i n g  t o  m a p B m  th e  c u l t u r e  c h a r a c t e r ­

i s t i c s  o f  B ru eellft  In th r ee  o th e r  k inds e f  l iq u i d  media b e s id e s  

l i v e r  In fus ion  b ro th  which he had u s t i #  fern c u l t u r e s  o f  I r a -  

c e l l s  were in o c u la te d  in to  l i v e r  in f u s io n  b ro th ,  p o ta to  in fu ­

s io n  b r o th ,  beef  b r o th ,  and t r y p to s e  broth  and observed f o r  35 

days* One group o f  sam ples was Inouhated a t  37® C* and an­

o th e r  group, a t  room temporaturo* A l i s t  ©f t h e  c u l t u r e s  

used and th e  r e s u l t s  o f  th e  experiments  are  ta b u la te d  in  

d e t a i l  In Table 3 .

I t  was found t h a t  a p e l l i c l e  developed on l i v e r  In fu s io n  

b ro th  In every  c a se  w i t h in  t h e  33 day p e r io d ,  except  f o r
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S t r a i n  19 B ru c e l la  a b o r tu s ,  which develop## no p e l l i c l e  on 

any m ed ia , fhe  p e l l i c l e  developed In l i v e r  in fu s io n  broth  

In frost fo u r  to  e i g h t  day® In rough s t r a i n s ,  In e i g h t  to  

twelve days In In te rm ed ia te  s t r a i n s ,  and t h e  smooth s t r a i n s  

r e q u i r e d  30 days ©r longer  f o r  a p e l l i c l e  to  dcvelcp.* P e l­

l i c l e s  dev®lopti  soncwhat I r r e g u l a r l y ,  i f  a t  a l l ,  In th e  

o th e r  th r e e  media u sed . f a b l e  3 shows th e  development o f  

s u r f a c e  f i lm ,  ancona sed im ent ,  and p e l l i c l e  form a tio n  In th e  

fou r  types  of media*

M t h in  one week a l a r g e r  number of s t r a i n s  produced a 

mucoid sediment a t  t h e  b o tto a  e f  th e  tube o f  l i v e r  In fu s io n  

b ro th  than  In any of th e  o th e r  media used* After th e  second 

w eek, however, s i x  s t r a i n s  had produced inch a sediment In 

both l i v e r  In fu s ion  b ro th  an# p o ta to  media; f i v e  s t r a i n s .  In 

bee f  In fus ion  b roth ; e i g h t  s t r a i n s .  In t r y p t o s e  broth* Most 

of  th e  s t r a i n s  showed mucoid sediment by th e  e leven th  day In 

a l l  media* f h i s  seemed t o  be q u i t e  I r r e s p e c t i v e  of whether 

the  s t r a i n  had been smooth, In te rm ed Ia te ,  or rough a t  the  

begInnIng of the experim ents*  fhe  mucoid phase desc r ib ed  by 

F la s t r id g e  and McAIplne, I f3 0  an# 193? , and M i c k l e , 1940, 

seems to  be u n re la t e d  to  the  p roduc t ion  of a p e l l i c l e ,  s in ce  

in  many of th e  t e s t s  when no p e l l i c l e  was p r e s e n t ,  ttueold  

sediment developed,

B ru ce l la  were denude# of t h e i r  c a p su le s  by growing th e  

o r g a n ls a s  f i r s t  on l i v e r  In fus ion  agar  f o r  48 hours and then  

t r a n s f e r r i n g  them t o  a beef  In fus ion  b r o th ,  as  was desc r ib e#  

by M ickle,  1940, Within 24 to  48 hours  a l l  the  organisms were
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unencapsulftted* However, w i t h in  e n e th e r  4S hours a i l  organ­

ising were  again, e n c a p su la te d ,  tfi e th e r  nr mat t h e y  had baan

t r a n s fe r r e d  to  o th e r  m edia. f l ies#  ca p su le s  were s l i g h t l y  

roughened ami "the b a c t e r i a l  c e l l  body had the  appearance e f  

d i s s o c i a t e d  s t r a i n s ,  deepens l e n t  o f  t h e s e  s t r i p p e d  o rg a n ls a s  

were a g g lu t in a t e d  In pos I t l v e  seru a  In n e a r l y  as h ig h  t i t e r s  

a s  th e  same e a e a p s u la t e d  s t r a i n s *  Ottinea p ig s  w ire  

l a t e d  w i th  I)  s t r i p p e d  org an ism s, 2 )  organisms which had  been 

s t r i p p e d  bu t  whose cap st i les  had reappeared , and 3) a smooth 

s t r a i n  o f  t h e  organia*« ¥ h e y  were th e n  compared, us ing  

weekly a g g l u t i n a t i o n  and op so n o cy to p h a g ic  t e s t s *  There was 

'no narked  d i f f e r e n c e  in th e  t h r e e ’ gtNnspe t e s t e d ,  as  sh&wm 

on Table 4* About 75% o f  t h e  org a n ism s, p a r t i c u l a r l y  th e  

rough ami;'in te rm e d ia te  s t r a i n s ,  l o s t  t h e i r  ca p su le s  when s u s ­

pended In d i s t i l l e d  water  f o r  24 h o a r s;  bat on bein g  ir a n a -  

f erred  to  c u l tu r e  media, rega ined  them w ith in  48 hours*

There Is  a t e a i e n c y  f o r  tm en eap su la ted  organisms t o  be 

found In c u l t u r e s  growing on s o l i d  media which h a v e  bmm 

t r a n e f e r r e d  r a p i d l y .  I t  has been n oted  t h a t  ab ou t 50i  o f  

the. organ te a s  a r e  u n en ca p su la ted  In c u l t u r e s  which  have been  

t r a n s f e r r e d  every  24 hours  f o r  a week. When t h e  t r a n s f e r s  

h a v e  been made even more r a p i d l y ,  e . g .  every  12 h o u r s ,  unef»~ 

c e p o u le te d  orgeniem s In la r g e  numbers appear a t  t h e  end o f  

th e  second' day.

I t  wme never  p o s s i b l e  by e i t h e r  o f  t h e s e  l a s t  d e sc r ib e d  

methods to  remove a l l  o f  th e  c a p s u l e s ,  and a t  no t im e wan a 

s t r a i n  o f  e n e n c a p su la tc d  organism s c u l t i v a t e d  f o r  more than 4® 

h o u r s #
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M a c  tits Ion

The 36 s t r a i n s  o f  B ru c e l l a  examined, w h eth er  smooth, 

in te r m e d ia te f o r  rough ,  norm ally  shoved capsu les*  T his Is  

n o t  In agreement w ith  t h e  r e s u l t s  of f i c k l e ,  1940, who found  

m ost of  t h e  organism s tAiIeh lie examined from ca ses  o f  hr nee I* 

l a s t s  to  be unone& psulatodf but i t  Is In a cco rd  w i th  K uddleson,  

1940, who found c a p su le s  on rough# smooth# and In te rm ed ia te  

s t r a i n s *

The r a p i d i t y  and lu x u r ia n c e  o f  growth'and' appearance o f  

th e  organism s did n o t  d i f f e r  on th e  t h r e e  k in d s  of s o l i d  c u l ­

tu r e  media used* fhe  ' 'd iffe re n c es  between rough# smooth# and

in te rm e d ia te  s t r a i n s  cou ld  be r e a d i l y  d e t e c t e d  by m icroscop ic  

exam in ation  of  s l i d e s  s t a i n e d  to  show c a p su le s*  smooth

s t r a i n s  have c a p s u le s  of  a p in k is h  pu rp le  co lo r  w ith  sm ooth, 

d i s t i n c t  margins* f i le  b a c t e r i a l  c e l l  body i s  c e n t r a l l y  

lo c a te d  and I s  a deep p u rp le  w ith  a d i s t i n c t ,  c l e a r - c u t  mar­

g in*  f l i t  rough s t r a i n s  hay# a p a l e  p in k i s h  ca p su le  w i th  a 

roughened margin# and t h e  b a c t e r i a l  c e l l  body appears  a s  a 

h e a v i l y  v e i l e d ,  p u r p l i s h  mass In t h e  c e n te r #  q u i t e  I n d i s t i n c t  

as  to  margin* f h e  in te r m e d ia te  ty p e s  l i e  between t h e  smooth 

and rough forms In  appearance# in  t h a t  the  p u rp le  b a c t e r i a l  

c e l l  Is  l e s s  vague th a n  In th e  rough forme hut a re  no t  a s  

c l e a r - c u t  a s  t h e  smooth forms* There Is  a l s o  a t e n d e n c y  

toward a si lg-hi I r r e g u l a r i t y  In  th e  eapettlar  margin.

fhe  ex a c t  cause o f  th ese  tu1usual appearances  In  B ru c e l la  

s t a in e d  w ith  ca p su la r  s t a i n  I s  n o t  known* AH the forms 

s t a in e d  e q u a l l y  w e l l  In o rd in a r y  s ta in * #  but I t  may be t h a t
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th e  charge of  t h e  Ind ia  Ink p a r t i c l e s  a l low s  th e  p e n e t r a t i o n  

o f  th e  c r y s t a l  v i o l e t  dye in the  smooth s t r a i n s ,  hut  does no t  

al low mveh p e n e tr a t io n  In t h e  rough m i  In term ed ia te  forms*  

Unenoapsu la  t e d  organ lams s t a i n  navy h i n t  w i t h  c r y s t a l

v i o l e t  and then m n  he d i s t in g u i s h e d  r e a d i l y  In e i t h e r  cap sti le  

s t a in in g  or w ith  c r y s t a l  v i o l e t  a lon e*

D e f in i t e  d i s s o c i a t i o n  b e g in s  t o  appear in  smooth s t r a i n s

h e ld  a t  3?° C. f o r  12 days on s o l i d  c u l t u r e  media, and th ey  

have s© com ple te ly  d i s s o c i a t e d  a t  t h e  end of 30 days t h a t  

only  guinea p ig  in o c u la t io n  w i l l  eattse them t o  r e tu r n  t e  t h e i r  

form er smooth form* B r u c e l la  may he h e ld  30 days a t  rocas 

tem perature  w i t h o u t  any  v i s i b l e  s ig n s  o f  change  e x c e p t  a  

d e c re a se  In s i z e ,  p robab ly  due to  the  lo s s  of water* fh e  

organisms may be h e ld  a t  5° C* mm s o l i d  c u l t u r e  media f o r  SO 

days w i th o u t  d i s s o c ia t io n *  At 150 days th e r e  was appearance 

o f  tone d i s s o c i a t i o n ,  but t h e r e  was r a p id  recove ry  a f t e r  f o u r  

t r a n s f e r s *  A fte r  1*3 month® a t  S© C* th e s e  organisms lacked  

v i r u l e n c e  an d  did  n e t  se rve  a s  good a n t i g e n s .  ? M s  seems t o  

th ro w  some l i g h t  on t h e  problem of  m aintenance of c u l t u r e s  

and th e  fre q u en cy  w ith  which th e y  sh ou ld  bo tr a n s fe r r e d *

I t  r e q u i r e #  two t r a n s f e r s  f o r  l y o p h l l i c e d  organism s t o  

r e t u r n  t o  t h e i r  o r ig i n a l  appearance a f t e r  c u l t u r in g ,  though  

t h e y  showed no e v id e n c e  o f  d is s o c ia t io n * '

O rganism s, upon. b e in g  t r a n s f e r r e d  to  l i q u i d  media, began 

a t  once to  change In appearance* '^ ey /b eoam e g r e a t l y  e n la rg ed ,  

formed c h a in s ,  and f u s e d  In to  huge organism s* flie rough*edged*  

p a le  b a c t e r i a l  c e l l  body for® o f - t h e  rough s t r a i n s  appeared
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about th e  e le v e n t h  day* However, i f  the se  organism s a r t  

a l lowed t o  remain l a  t h e  l i q u i d  media f o r  12 m onth*, ©mly 

smooth s t r a i n s  arc r e c o v e r e d * ■ t h e s e  had l o s t  t h e i r  vlr t f -  

1er.ce t o  a v e r y  marked degree* t h i s  may prove to  h e  a good  

method f  t>r th e  a t t e n u a t io n  o f  orga n ism s.

fh a  developm ent of mucoid sedim ent In l l f i i l i  c u l t u r e  

media seems t o  toe u n r e l a t e d  t o  t h e  p ro d u c t io n  of  a p e l l i c l e ,  

fhe  p e l l i c l e  Is  a p p a re n t ly  produced r a p id ly  when rough o r  

In ter m ed ia te  organisms a re  grown cm IIvo r  In fu s io n  b roth  and 

o t h e r  l i q u i d  media, whereas the  p e l l i c l e  does no t  develop In  

smooth forms f o r  30 days or  j » r t *  The mucoid sediment prob­

a b ly  Is produced b eca u se  o f  t h e  tutttstiiJl c h a in  fo rm a t io n s  and 

c o a le s c e n c e  o f  c a p s u le s .

B ru ce l la  have been denuded  o f  t h e i r  c a p s u le s  f o r  a s  !#»§  

a s  46 hours  I f  prowm on l i v e r  In fo s  io n  a gar and then  t r a n s ­

f e r r e d  to  hmef b ro th .  However, a f t e r  48 hours  organism s be­

come e n c a p su la te d  and. assume a form s im i la r  to  t h a t  found #n 

rough s t r a i n s .  Rapid  t r a n s f e r  w i l l  cause a  p o r t io n  of th e  

organism s to  lo s e  t h e i r  c a p s u l e s ,  a n d  su sp e n s io n  In d i s t i l l e d  

w ate r  fo r  2,4 hours w i l l  produce some uneneapse la t e d  o rga n ism s,  

e s p e c i a l l y  in  rough and in te r m e d ia te  s t r a i n s ;  but n e i t h e r  ©f 

t h e s e  methods produces perm anently  n n en ea p su la ted  forms* The 

tm encftpsu lated  s t r a i n s  d id  n o t  show much v a r i a t i o n  from t h e  

o r d in a r y  encapsu la ted  s t r a i n s  when used a s  a n t ig e n s *  lienc®,

I t  was im p o ssIb le  to  reproduce th e  r e s u l t s  o b ta in e d  toy M ic k le ,  

who found many e n e n e a p su la te d  s t r a in s *

I t  would mppmmr t h a t  rou gh , sm ooth, and in te r m e d ia te
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s t r a i n s  could be more r e a d i l y  and aceurutcly d e te r m i n e #  by  

microscopic examination of the o rg a n  Is®# stained to shew m p ** 

s' ttlm  %U»n fey ssamination of tbo c o l o n i e s  on a g a r  p l a t e s *  I t  

I s  Important* p a r t i c u l a r l y  in  such toots.as t h e  o p so n o cy to -  

phaglc t e s t ,  t o  have  a p e r f e c t l y  smooth s t r a i n  o f  o r g a n !sms 
w ith  a© unonoapsoiated forms p r e s e n t f  a fid microscopic examine* 

tion 1$ ili« only method f o r  distinguishing, -such a culture.
t h e s e  s t u d i e s  a l s o  Indicate that B r u c e l la  cannot b e  kept 

on ' l iq u id  culture media without undergoing rap 14 dissociation* 
However* if t h e y  a r e  kept f o r  a  long p e r io d  ©f time on t h i s  

media* th e y  produce & smooth organism  o f  l i t t l e  or no v fm t-  

lence; and t h i s  f o r a  m ig h t  prove to to mm adequate-organism 
fo r  m m  in vaccination procedures*



FIGURE 1

4

P h a g o c y to s is  o f  B r u c e l la

N e g a t iv e  L eucocyte  Showing no P h a g o c y to s is
x 2000
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P h a g o c y to s is  o f  B r u c e l la

L eucocyte  Showing S l i g h t  P h a g o c y to s is  
i~ £ 0  b a c t e r ia  in  c e l l
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FIGURE 3

P h a g o c y t o s i s  o f  B r u c e l la

Leucocyte  Showing Moderate P h a g o cy to s i  
2 1 -4 0  b a c t e r i a  in  c e l l  

x 2000



FIGURE 4

P h a g o c y to s is  o f  B r u c e l la

L eucocyte  Showing Marked P h a g o c y to s is  
More than 40 b a c t e r ia  In c e l l  

x 2000
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FIGURE 5

Photom icrograph o f  46~hour C u ltu re  o f  B r u c e l la  abortus  
S tr a in  2 306 ,  Growing on T ryp tose  Agar a t  3715 C.

India Ink * Crystal V io le t  Capsular Stain
x 2000
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FIGURE 6

Photomicrograph o f  40-hour Culture  o f  B r u c e l la  M e l i t e n s i s  
S tr a in  1766 , Growing on P o ta to  I n f u s io n  Agar a t  37° C.~~

India Ink -  Crvstal V io le t  Capsular s ta in
x 2000
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FIGURE 7

Photomicrograph o f  48-hour C u ltu re  o f  B r u c e l la  Abortus  
A ty p ic a l  S t r a in  801 , Growing on P ota to  In fu s io n  Agar a t  37° C.

India Ink -  Crystal V io le t  Capsular Stain
x 2000
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FIGURE 8

Photom icrograph o f  3CVday C t i i tw a  o f  B r e c o n *  M o & m  
s t r a i n  £308 Grown on Trypto&e Agar a t  37° C*

India Ink -  Crystal V io le t  Capsular Stain
x £000
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Photom icrograph o f  4 6 -h o u r  C u ltu re  o f  B r u c e l la  SuIs  
S tr a in  2872 Growing on T ryp tose  Broth

India Ink -  Crystal V io le t  Capsular Stain
x 2000
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FIGURE ID

Photomicrograph o f  96*-hotir C u ltu re  o f  B r u c e l la  S u js  
S tr a in  ZB7Z Growing on T ry p to se  ferolfT™

India Ink * Crystal V io le t  Capsular S ta in
x 4000
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a  m m  or *m b lood ncmmi in mmm: bhucm,icai:>

A stu d y  o f  t h e  M m i  p ic t u r e  o f  h e a lth y *  In fe c te d *  and 

v a c c in a te d  hogs mm  undertaken m  m  a 14 l a  tinder stan d  lug th e  

d i f f e r e n c e s  in  th e  p h y s i o l o g i c a l  r e sp o n s e s  o f  ti&gs I n f e c t e d  

w ith  B r u c e l la #  t h e  t o t a l  masher o f  l e u c o c y t e s  and ery th r* *   ̂

c y t e s  p e r  u n i t  volum e o f  b lo o d  was determ ined# a s  w e l l  a s  th e  ' 

f l u c t u a t i o n s  In t h e  ty p e s  o f  w h ite  b lood  c e l l s #  I t  was hoped  

t h a t  th e r e  would he s u f f i c i e n t  d i f f e r e n c e  betw een I n f e c t e d  

and no& Infected  a n fa a l*  t o  m%lm  t h i s  a u s e f u l  a i d  in <5 la g -  . 

n o s t l c  t e s t s .  ' ’ a*. :'7 ; rh -.1 - ' ■

I * E « i E s a M  IL sm ia E S i.

Mftjaiil Qmnprnt t h e  p r e s e n t  I n v e s t ig a t io n  d e a ls  w ith  a

r e l a t i v e l y  la r g e  number o f  sw in e  C4X3) on w hich ! 2 tS  s t u d i e s  

o f  b lood  p i c t u r e s  were made# These an im als  In c lu d ed  s e v e r a l  

croups o f  hogs which were be ing  u sed  I n  o th e r  t s p e r t ia tu t s  |m 

b r u c e l l o s i s  a t  t h e  Animat 01*m%e s t a t io n *  K ^tlonsI ‘$ r l  c u l ­

tu r a l  d esearch  C enter  a t  B e l t a v l l l e *  Maryland# f o r  conven­

ie n c e  In t a b u la t io n *  th e  a n im a ls  were d iv id e d  in t o  f i v e  groupsi

Oreup a c o n s i s t e d  o f  I f#  a d u lt  a n im a ls  w hich w ere nega­

t i v e  t o  th e  a g g lu t in a t io n  t e s t  a t  th e  tim e th e y  were t e s t e d ,  

fro®  one  to  th r e e  s t u d ie s  o f  t h e  b lood  w ere made on each o f  

th e  anim als#

droop 0 In clu ded  09 a d u l t  an im als  which had- been In fec ted #  

a cco rd in g  t o  t h e  a g g l u t i n a t i o n  t e s t *  from one month i o  one 

y ea r  o r  more# These a n im a ls  e l l  had a t i t e r  o f  i f  100 or over
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a t  the time the teste  were  made, two to  f i v e  b lo o d  s t u d i e s  

were made o f  each a n fsa l♦

Group C was made np o f  53 animals which  had  shmm  t i t e r s  

©f Is 100 o r  acre to  the f i r s t  t e s t ,  b u t  whose t i t e r s  w ere  I s 50 

o r  l e s s  on subsequent teste* two o r  more studies were  made on 
each a n f a a l *

Qrmwp D was com prised  of 58 g i l t s  which showed low t i t e r *  

{Is 25 o r  l e s s } o r  n o n e ,  i n  t h e  a g g l u t i n a t i o n  t e s t s ,  b u t  which  

h a d  been l a  i s  Infected herd* fhey h a d ,  however* been segre* 

g a t e d  from  t h e  re st o f  th e  h e r d .  Two s t u d i e s  were made of 

em h  animal,

Group E c o n ta in e d  47 .animals v a c c in a te d  su b etsta n eo u sly

w ith  5 cc* o f  King 8 s t r a i n  o f  B r u c e l la  s a l s  (a s t r a i n  of 

r e d u c e d  v i r u le n c e )  and s t u d i e s  w ere  made o f  t h i s  group a t  

w eek ly  I n t e r v a l s .

MsJhoia « t  SSJUaSSJaa *K5El«i! ,h e  problem o f drawing
b lo od  f ro m  swine i s  a d i f f i c u l t  o n e ,  s i n e #  th e  usua l method  

o f  p r o c u r i n g  I t  from t h e  j u g u l a r  v e i n  i s  p r a c t i c a l l y  tap es*  

s i b l e .  the b lo o d  w i l l  be more nearly s t e r i l e  I f  drawn from  

th e  s u p e r f i c i a l  ear  v e i n s ,  but t h i s  I s  a d i f f i c u l t  proced u re  

f o r  one n o t  e x p e r i e n c e d  to handling hogs* I t  can  bo drtwn 

s tore  c o n v e n i e n t l y  by nicking t h e  t a i l  w hich  must l a t e r  be 

lig a ted 'to  prevent c o n t i n u e d  bleeding* Both methods w e re  

used in obtaining t h e  blood sam p le s  f o r  theae te s te , though 

i n  attem p t was made In e v e r y  c a s e  t o  draw t h e  b lood  f r o *  th e  

ea r*

S in ce  i t  i s  d i f f i c u l t  t o  o b t a i n  t h e  sane amount o f  blood
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t v  or %:\e m r  o f  m c h  a n im a l,  the d i l u t i o n  tm a 2 0 ' s o l u t i o n  

o f  s o d i t »  c i t r a t e  v a r ie d  somewhat? trat t h *  b loo d  was e>eas- 

iired  cm# t h e  v a r i a t i o n s  ta k e n  In to  account* I t  was found  

t h a t  0 .1  cc* o f  206 *tdl*ai c i t r a t e  would keep 10 cc* o f  per**

c in e  M ood frost c l o t t i n g  I f  t h e  W ood w i  th o r o u g h ly  mixed  

w ith  the  c i t r a t e  Im m ediately  upon feeing c o l le c t# # ?  feet In 

g e n e r a l  I t  p ro v e#  to  fee more s a t i s f a c t o r y  t o  u se  I cc* o f  20$  

C it r a t e  f o r  t h i s  amount o f  fetood s i n c e  t h e  l l t f l i r  was n o t  

a lw ays a b le  to  shake th e  iufee a t  cnee* 2v*n w ith  t h i s  p re ­

c a u t io n  t h e r e  was c o n s id e r a b le  d i f f l e n i t y  w ith  c l o t t e d  M o o d ,  

p a r t i c u l a r l y  when I t  tit#  t o  fee h e ld  s e v e r a l  hoar# b e fo re  th e  

blood c e l l s  were counted* .

I s s M i m m  s t  s s m s  m s .  i s i M *  * > • s t u d i e s  m e t  «ded

an e r y th r o c y te  co u n t ,  t o t a l  l e u c o c y t e  c o u n t ,  d i f f e r e n t i a l

leucocyte count, g r a m  of  hemoglobin p e r  100 cc* of  Mood 

and t o t  sediaMmtatlon r a te #

In t h e  e r y t h r o c y t e  s t u d io *  red c e l l  c o u r t*  were r«d e  '

frota th e  sa®e p ip e t t e  on th e  two s id e s  o f  a d oab le  hemocy- 

tom ator s l i d e ,  t o e  two enum erations ch e ck in g  w i t h in  100,000 

c e l l s *  Counts o f  to e  w h ite  felood c e l l s  were compared on both  

s id e s  o f  a hemacytometer t i l d e  and e i t h e r  checked w i th in  500 

e e l  to  or w ere repeated*  S l i d e s  f o r  d i f f e r e n t i a l  c o r n u  were  

sta in ed  w ith  Wright**, OS e a s e f # f  h i l l i n g *  s t o i r s  and | n 

e v e r y  c a s t  I00 c e l l s  were c l a s s i f i e d *

hemoglobin was measured w ith  a Ob re he^ glofe I nometer
*•>

»n<i th e  grams p er  c o b le  c e n tim e te r  In each anim al was checked  

w ith  th e  Tat to n 1 s t  tec h n ica l* , A few  were a l s o  checked  wt th  an 

e Ie e tr o p h o to m e te r .



h e d I n tu it%Ion r a te  was In a C u tle r  b lood  s e d l*  ,

a  tii t a t  fan p i p e t t e  In th o se  sam ples w hich w ere r e c e iv e d  w ith  I** 

It t h o r i  tim e l i f t e r  c o l l e c t i o n ,  l in e #  * in la y  In g e t t in g  up .••’■ 

th e  t e a t  d e c r e a se s  th e  m i #  and r»«ny o f  th e  sam ples w ere t e e  

o ld  ia  o b ta in  nectar®!# r e t u l t a #  . .•

*V !$ltttlnation te s ts  w ere done m  a l l  this b lood  011 which 

hi v>od k in d le s  were mad#* ' • . /  ;

••'■■• . • : ' ’••_ ■ • ■ _ ‘ 

! ; 'dmmlmMm  t h e  v a lu t a  o b ta in e d  f o r  hmm<§t®bln In th e  , 

f ! v «  §mmpw o f  an im al#  wer« n o t  s i g n i f i c a n t l y  d i f f e r e n t #  The 

on I n f e c t e d  a  had an average  o f  I t  #21 §»* o f  he»109 lo b  In

per  too  co* o f  M ood# t h e  range was from 0#§3 t o  I S *M  p»* 

o f  htsaogiab lfi p e r  cc# o f  fet#oi#  / - h :  ■ 0 ;

The in f e c t e d  o n fa ll a In Oroup i  averaged tl*§§# §m* 

per 100 cc* blood w |ih  * high of !4*St and a tow o f  f#2S* 

Ocwn animal a In th e  tr o o p  which had been I n f e e t e d  fo p  a y ea r  

on more showed o n ly  10*32 §»• par  IO) cc*  o f  b lood* f h l e  was 

n oted  In th ro e  exam in ation s*  •■••'•.•/... ■•■ ■" ; ' V:'4 - v  : v  .

Groups C and D were n o t  t e s t e d  f o r  hem&tiobfn# 

t h e  v a c c in a  ta d  Croup £ showed an av era g e  o f  12*20 §«* 

p t r  10-0 cc#  o f  b lood  on t h e  p r e v a c c in a i io n  t e s t  and l l * 4 0 # ; 

10*74* 10*32* and 11*42 p i  par  to o  cc*  o f  b loo d  on f m r  pout** 

v a c c in a t io n  te a t*  a t  weekly I n te r v a l#  (fab le  $}# 1 high

of 14*52 f®* par 10© 0 0 1 and a low mi $*12 ware n o ted  In the  . ' 

group# ■• ■ . '  ' . ; : V '  •• ' . .  • ;  •' ; . • . . .

F r y th r o c y te e * The e r y th r o c y te * *  l i k e  th e  hemoglobin# . 

d id  n o t  vary  s i g n i f i c a n t l y  In th e  d i f f e r e n t  group a* th e r e
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was wide v a r i a t i o n  even l a  t int 9e » e  anim al from t ime to  t im e ,  

but t h i s  has  h e m  found to  be t r u e  in  normal hog b lood ,  m  

d e sc r ib ed  by Kemkamp, 1939, end e th e r s*  th e  a v era g e  ntmber 

of e r y th r o c y te s  f o r  th e  176 u n in f e c t e d  animals  In Group A was 

6 ,410,000 w i th  d e v ia t io n s  from 4 ,372 ,000  to  8 ,650 ,000 , ,

f h e  infected Group § averaged 5,770,000 w i t h  a n im a l s  

r a n g in g  f rom  5 ,5 3 7 * 5 0 0  t e  6 ,5 6 0 ,0 0 0 *  s i x t e e n  an im als  h ad  l e s s  

than  4 ,000 ,000  c e l l s  p e r  « ,

Animals in  Groups C, 0, and 0 v a r i e d  l i t t l e  from th o rn  

In  Group ‘A, w ith  ave rages  o f  6 ,400 ,000  in  Cf 6 ,060 ,000  in  Df 

and 6,254,0 0 In E.

. ' In animals  where s e v e r a l  t e s t *  were made, I t  was usual 

t o  f in d  t h a t  th e  r e s u l t s  d id  no t  remain u n ife r *  when i n v e r t  1 

weeks or months e lap sed  between t e s t e *  fh e r d  th e y

were c a r r i e d  on w eek ly  * as  in  Oretqp 1 , t h e r e  was c o n s id e ra b le  

m alform lty i  and those  animals  which were r e l a t i v e l y  low a t  

f i r s t  reraaIned low f o r  th e  a en th  during which the  an imals

r e m a in e d  « » 4 « t  e j^ e r JaM lt t ta t ia n *  ...

. L e u c o c y te s ; The  g r e a t e s t  v a r i a t i o n  b e tw een  th e  in f e c t e d

a n d  m n in f e c t e d  s w in e ,o c c u r r e d  I® th e  t o t a l  l e u c o c y t e  count*  

T h e  n e g a t iv e  group o f  176 a n i m a l s  showed an  e v e r e g e  * 

o f  14 ,88  7 , ' The c o u n t s  d i d  n o t  v a r y  a s  e x t e n s iv e ly  a s  h as  

been  r e p o r t e d  i n  other p a p e r s ,  b e in g  from 10 ,2 0 0  t o  2 1 , 2 0 0 * 

t h e  p o s i t i v e  g roup  o f  89 a n i m a l s  shows a somewhat h i g h e r  

a v e r a g e  o f  16»620f" t h e  more r e c e n t l y  in f e c t e d  g ro u p  o f  e i g h t  

a n im a l s  { I n f e c t e d  l e s s  t h a n  I week) showed t h e  somewhat h i g h  

e v e r e g e  o f  1 9 ,4 0 0 . Seven w ifa a ls  I n fe s te d  more t h a n  a year
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w ith  t i t e r *  o f  l i 3 0  t o  I s 200 bay# m  e v e r e g e  o f 17*200 per

m m ,  (Table  5 and  Graph 1) Vaccina ted  an im a ls  of Group E 

t h a t  had 14 , 200 leucocy tes  l a  t h e  p r e - v a c c in a t i o n  t e s t ,  had 

a h igh  average a t  the  end o f  one w eek o f  27*140* Imt t h i s  

d e e r e sse d  to  17 ,3 0 0  a t  t h e  end o f  t h e  second week, and ty  

th e  t h i r d  week t h e  average  was 14,400 where I t  remain## f o r  

th e  f o u r t h  week, (S ee  f a b l e  6 }

G?@mp €  a n im a ls  showed l i t t l e  v a r i a t i o n  l a  th e  l€t»e©eyt* 

co u n ts  made w h ile  t h e  t i t e r  d ro p p e d .  The a v e r a g e  number o f  

le u c o c y te s  p r e s e n t  p e r  c tib lc  m i l l im e t e r ,  when t h e  animals  

ha# h ig h  t i t e r s ,  was 18f 20O, Three m onths l a t e r ,  when th e  

t i t e r #  h a d  d r o p p e d ,  th e  ' c o u n t  was 1 7 ,2 0 0 ,

G i l t s  In  tihroup D showed m eowewhet lower average  number 

o f  l e u c o c y t e s  than.-to e  a d u l t  a n im a ls , w ith  on average.- 

o f  11 ,600  per  ca n , T h is  rem ained th e  same on t h e  s to e n i  

t e e t  th r e e  month* 1a te r *  . ; :

Lym phocytes: The In c r e a se  ' l a  t h e  t o t a l  number of le u ­

c o c y te s  appears  t o  be due* a t  l e a s t  la r g e ly ,  t@ th e  in c re a se  

of lym phocytes both in  p er  c e n t  an# in  a c tu a l  numbers.

■In droup A t o t  w alm feeted  a n im a ls showed nn average  p er ­

c e n ta g e  o f 52*8 lymphocytes,  or  7 ,8 6 3 ,3  p er  cmm. The in ­

f e c t e d  animals  in  Group B, with  th e  e x c e p t io n  o f  sev en  w hich  

ha# been In fe c te d  a y e a r  or  more, showed an average  p e r c e n t -  . 

age o f  65*2 lymphocytes and an average  number o f  1 0 ,8 2 3 ,2  

per  c » ,  The seven  hogs which had been In fe c te d  a y ea r  or 

iKif# show## an average  p e rc e n tag e  o f  52 p er  cmm, and an 

av erage  a c tu a l  number o f  8892 (T ab le  5 and Graph I I ) ,
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di s e a s # .  f l i t  m r t r t f e  per c e n t  of  n e u t r o r h l i s  f o r  th e  176 

u n i n f e c t e d  an im als  was 3 9 .1 3  o r  5820 .8*  fb i t  av erage  p e r  

c e n t  o f  n e u t r o p h i l s  in  Group 1 ftnf**t*d an im als  was 2 0 .4 3  

or 3380*4*. Group C an liaa ls  show## $2% or  5670* and 31.51 

or 5418 th r e e  months l a t e r  when th e  t i t e r s  had dropped. (Sea  

f a b l e  5)

G i l t s  o f  Group D had 39.5:1 n e u t r o p h i l s  or 4582 w ith  

l i t t l e  change on th e  aeeon *  t e s t ,  11# w a e e in a ta d  an im al*  o f  

Chrovp £ showed 4Zt  *r 5964 on th e  p r e -v * e c I n a t io n  t e s t ,  and 

19*1-1 or 5184 average  n e u t r o p h i l s  a t  th e  «nd of on* xre«li* At

th e  end o f  two weeks th e  count rnmm§m€ 41*1$ or  7069* At 

th e  end o f  t h e  fo u r th  week th e  count had become 44.9*3 or  6648* 

*o th a t  w h ile  th e r e  was a r e d u c t io n  In t h e  to ta l' n*mb*r o f  

le u c o c y te s *  th e  a c tu a l  number o f  n e u t r o p h i l s  d id  t o t  ebang*  

to  any a p p fa e la b l*  e x te n t  ( f a b l e  6 ) .

E o s in o p h i l s ; fh e  e o t i n o p h i l s  fo r  Group A in f e c t e d  a n i­

m als averaged  8 *,§?SJf'#r 4 5 8 .  fh «  I n f e c t e d  group o f  i t  

was 9 .6 3  or 1595* Qtrnmp C an im als  showed 8 .1 3  or I486 **•!&<» 

© phiIs on t h e  f i r s t  t e s t  and t h r e e  months l a t e r  12,3 or 2064 .  

in  Group D th e  g i l t s  had an e o s i n o p h i l i c  p e r c e n ta g e  o f  f * I i  

or 8 3 5 . -fhe v a c c in a t e d  an im als  o f  Group £ showed a p e r c e n t ­

age o f  1 .8  or 488 a t  th e  end o f  Oft* w**k and 8 .2 3  or 1400 a t  

th e  end o f  two w eek s. By t h e  end o f  fo u r  weak* th e  p e r c e n t*  

age had r i s e n  to  11% or 1528 ( f a b le s  5 and 6 ) .

I m s o p h l l s s t h e r e  was no a p p r e c ia b le  v a r i a t i o n  In. th *  

b a so p h il  count in  any o f  th*  groups* I t  averaged  l e s s  than, 

one a t  a l l  t im e s ,  u s u a lI v  In t h e  neighborhood o f  0 .1 3  and



so Is  n o t  l i s t e d  I n d iv id u a l ly  ( f a b l e s  5 and 6 ) .

S e d i m e n t a t i o n  r a t a : t h e  r a t e  o f  sp e e d  o f  t h e  s e t t l i n g  

o f  b lo o d  c e l l s  in  b l o o d  was determ ined  In

some o f  th e  a n i m a l s  in' mch  f r u i t f *  The I n t e r v a l s  o f  m e te * re*  

■stent were  one hour# T h ere  was no a p p r e c i a b l e  d i f f e r e n c e  i n  

th e  r a t e s  In  t h e  f i v e  g r o u p s ,  th e  e v e r t  ge  b e in g

0 .0 5  cm* end t h e r e n g e  f ro ®  0 ,0 0 2  t o  0 . 1 2  a s ,  ’ These  v a r ia ­

t i o n * ' eeeer red In a l l  g r o u p *  Uni th e  a v e r a g e  was a b o u t  t h e  ' 

same * . .

* % :■ ■ -k . !0 * I”1 . .
C e r t a i n  m eaeerefele attendee e p p e r e n t ly  do o c c u r  In  %km 

I n f e c t e d  w i t h  sw ine  b r u c e l l o s i s ,  a s  shown b y  

t h e  r e s u l t s  o f  t h i s  s t t id y ,  though w hether t h e y  w i l l  be  p a r ­

t i c u l a r l y  u s e f u l  in  t h e  d i a g n o s i s  ©f t h e  d i s e a s e  I s  somewhat 

q u e s t  to l l a b le  b e c a u se  o f  t h e  v e r y  w ide  v a r i a t i o n s  n o r m a l l y  

o c c u r r in g  in  th e  b lood  Of h e a l th y  hogs* . .

The r e s u l t s  o f  the  s t t id y  made o f  t h e  hemoglobin ,  o f '  t h e  

f i v e  groups  o f  an im als  would I n d i c a t e  v e r y  d e f i n i t e l y  t h a t  a 

' q u a l i t a t i v e ,  a e e e e r e a e a t  o f  t h e  h en a q lo b ln  o f  B ru cella* -In f e d te d  

h o g s  I s  o f  no p a r t i c u l a r  v a l u e  a s  a n  a i d  lift t h e - c l i n i c a l  d ia f*  

nos i s  of  b r u c e l l o s i s  in  sw in e ,

The e r y t h r o c y t e s ,  l i k e w i s e ,  d i d  n o t  m r y  s u f f i c i e n t l y  In  

th e  f i v e  g ro up s  t o  b# a r e l i a b l e  Index  f o r  a n y  t y p e  o f  d ia g ­

n o s t i c  work, There? I s  a p p a r e n t l y  a s l i g h t  anemia w h ich  Is  

e v id e n t  in  th e  sm a l le r  number o f  red  c e l l s  and in  th e  reduced  

t s # « t  o f  hem o g lo b in  In  t h e  I n fe c te d  group o f  a n i m a l s ,  b u t  

th e  d i f f e r e n c e  Is  not s u f f i c i e n t  to  make i t  p o s s i b l e  t o  .
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d i s t i n g u i s h  I n fe c t io n  ' I n  t  ->herd ; i t i t  r e  t h e r e  I s  so  much n o rm  I 

v a r i a t i o n  In  hem oglobin  a n d  e r y t h r o c y t e s .

C o n s i d e r a b l e  d e v i a t i o n  o ccu rs In  th e  number o f  le u c o c y te s  

In  th e  I n f e c t e d  a n d  n o n - in fe e te d  g ro u p s , hot h e r e ,  age in , .  I t

i s  p r o b a b l y  n o t  g r e a t  enough t o  be s i g n i f i c a n t  b e c a u se  o f  t h e  

v a r i a t i o n  i n  l e u c o c y te  c o u n t s  In a p p a r e n tly  p e r f e c t l y  normal 

a n im a l s *  In  e a r l y  s ta g e s  o f  t h e  d i s e a s e  th e  l e u c o c y t e  cotint 

f r e q u e n t ly  r i s e s  g n o m o n s ly  a n d ,  w i t h  o t h e r  t e s t s ,  m ight a i d  

.somewhat In t h e  d i a g n o s i s  o f  t h e  d i s e a s e *  I t  a p p e a r s  t o  r e ­

tu rn  to  n o r m a l ,  h ow ever, a f te r , th e  i n f e c t i o n  h a s  b e e n -p r e se n t  

f o r  a t ime*

In so  f a r  a# t h e  b lo o d  p i c t u r e  i s  c o n c e r n e d ,  t h e  enumer­

a t io n  o f  lym phocytes and e o s i n o p h i l s  o f f e r ®  t h e  b e s t  method  

f o r  I d e n t i f i c a t i o n  o f  th e  d i s e a s e *  f t ie r e  I s  a d i s t i n c t  r i s e  

In  th e  number o f  lym p h ocy tes, p a r t i c u l a r l y  In r e c e n t ly  In*

f a c t e d  a n i m a l s ,  an d  t h i s  eeem* fr e q u e n t ly  t o  rem a in  h i g h  ever  

a c o n s id e r a b le  p e r i o d  o f  th e  I n fe c t io n *  However* when an im als

have rem ained I n f e c t e d  f o r  a lo n g  p e r i o d  o f tim e* t h e  lymph©-* 

c y t i c  p ic t u r e  seem ed to  r e tu r n  t o  normal.*

 ̂ t h e  e o s i n o p h i l i c  l e u c o c y t e s  show a b o u t  a t h r e e - f o l d  In­

c r e a s e  In. I n f e c t e d  a n im a l s *  T h i s  I n c r e a s e  i s  not a p p a r e n t  l a  

t h e  e a r l y  s t a g e s  o f  t h t  d is e a s e  b u t  a p p e a r s  t o  be a p a r t  o f  

th e  b l o o d  p i c t u r e  which  o ccu rs  during recovery*  I t  m u s t  be  

borne l a  m ind, h m m m ,  t h a t  l i t t l e  a t t e m p t  was madt t o  e lim ­

in a te  t h e  p o s s i b i l i t y  o f  o th e r  I n f e c t i o n s  III t h e  a n im a l s  

s t u d i e d  w h ich  m ig h t  h ave  i n f l u e n c e d  t h e  b lo o d  p ic t u r e ,  p a r t i ­

c u la r ly  th a t  o f  t h e  e o s i n o p h i l s ,  s i n e #  t h i s  i s  most f r e q u e n t l y
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b y  p a r a s i t i c  c o n d i t i o n s  which a r e  o f t e n  p r e s e n t  In  

b og**’ . . , •.

f b *  n e u t r o p h i l s  p r e s e n t  In t h e  b lo n d  s t r e a m  o f  b o th  

i n f e c t e d  and n o n i n f e c t e d  a n i m a l s  showed l i t t l e  v a r i a t i o n  In

a c t u a l  ninb®*** th o u g h  t h e  p e r c e n t a g e  decreased  trem en dou sly
■ . • . ' ' . • . • h ' ■

b t e a u s e  o f  t h e  g r e a t  I n c r e a s e  In  t h e  number o f  lymphocyte® -tlT,

I n f e c t e d  a n im a ls*  There was l i t t l e  f l u c t u a t i o n  o f  th e  n e u tr o -

p h i I s  i n  t h e  f i v e  g ro u p s  o f  a n i m a l s  s t u d i e d *

There was no a p p r e c i a b l e  v a r i a t i o n  In  t h e h f e » # © f l l l t #

aonomyt***- > r  a a i lm t i i ts i t lo n  r a te  o f  i n f e c t e d  and h e a l t h y  - .

a n i m a l s .  - ' - . . • ■ .

- ' A c o m p a r is o n  o f  t h e  r e s u l t s  o f  t h e  p r e - v a c c in a t io n  and

p o s t - v a c c i n a t i o n  t e s t s  In  a  g roup  o f  a n im a l#  v a c c i n a t e d  w i t h  

a p o r c i n e  s t r a i n  o f  low v i r u l e n c e  showed no change  o f  co n se ­

quence In t h e  e r y t h r o c y t e s  a f t e r  v a c c in a t io n *  ' t h #  average  

l e u c o c y t e  €#«.»% du f  l u g ' t h e  f i r s t  week a f t e r  v a c c i n a ­

t i o n  and  g r a d u a l l y  d e c r e a s e d  u n t i l  b y  t h e  end o f  t h e  t h i r d  

.week i t  was back  t o  normal  f o r  t h e  g ro u p .  The lym phocytes : 

more t h a n  d o u b led  In  number t h e , f i r s t  week a f t e r  v a c c i n a t i o n ,  

but f e l l  back m a t e r i a l l y  during t h e  second  week and w e re  n o r ­

mal In  number by t h e  end o f  t h e  t h i r d  week .  ; f l i e r  a was no

i i g n l f l e a n t  ch ange  In  t h e  number o f  n e u t r o p h i l i c  l e u c o c y t e s ,  

'The e o s in o p h i l s  in c r e a se d  In numbers each week* d o u b tih f  • ... 

between t h e  f i r s t  and s e c o n d  w eeks .  There  was a s l i g h t  In ­

c r e a s e  i n  t h e  t h i r d  a n d  f o u r t h  weeks so t h a t  t h e  number o f  

e o s i n o p h i l s  was g r e a t e s t  a t  t h e  end o f  t h e  fo u r th  w m k $ -mtum • 

t h e  a g g l u t i n a t i o n  t i t e r  was r e c e d i n g . .  ‘
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I f  v a c c i n a t i o n  can  he c o n s id e r e d  t o  p r o d u c e  a m ild  for®  

o f  t h e  d i s e a s e  w i t h  a  t y p i c a l  b lo o d  p i c t u r e ,  i s  t h e  e v id e n c e  

h e r *  p?**ent#4-w ou ld  t e n d  t o  I n d i c a t e ,  t h e  s i g n i f i c a n t  a s p e c t s  

o f  t h e  W o o d  p i c t u r e  In  p o r c i n e  b r u c e l l o s i s  won Id  be  a n a r k e d  

I n c r e a s e  In t h e  t o t a l  number o f  l e u c o c y t e s ,  an even  more 

m arked I n c r e a s e  In  t h e  lym ph ocytic  p i c t u r e ,  w i t h  65^ o r  more 

ly m p h o c y te s ,  and  during r e c o v e r y  a  m arked  in c r e a s e  In t h e  

number o f  e o s i n o p h i l s *

W hile  a h i g h  p e r c e n t a g e  o f  lym phocytes would  n o t  a p p e a r  

t o  be v e r y  c o n c lu s iv e  e v i d e n c e  t h a t  p o r c i n e  b r u c e l l o s i s  was 

p r e s e n t  i n . , *  fc t r#  mf

inp th e  p r e se n c e  o f  t h e  d i s e a s e ,  p a r t i c u l a r l y  In I t s  e a r l y  

s t a g e s .  The p r e s e n c e  o f  a l a r g e  number o f  e o s i n o p h i l s  might  

a l s o  I n d i c a t e  r e c o v e r y  I f  t h e  p r e s e n c e  o f  p a r a s i t i c  d i s e a s e s

was e l i m i n a t e d  f ro®  t h e  p i c t u r e .  *
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f  ABLE 6

Comparison o f  A verage Blood P ic t u r e  
o f  A d u lt  I n f e c t e d  and U n in fe c te d  Swine
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MAOlOSfIC fE S fS  III PORCINE BRUCELLOSIS

. In  I n v e s t ig a t in g  the  d ia g n o s t i c  t e s t s  mm In  u s e ,  the  

on# m ost g e n e r a l ly  r e l i e d  upon* the  a g g t u t I n a t ion t e s t ,  was 

used  e x te n s iv e ly  In t h e s e  s t u d ie s *  However* an a t tem p t  was 

a t i #  to  c o r r e l a t e  t h i s  t e s t ,  w i t h ' the  complement f i x a t i o n  

t e s t ,  and the  o p so n o ey to p h a g ic  t e s t  was In troduced  f o r  the  

f i r s t  t ime in to  work on th e  d iag n o s is  of po rc ine  b r u c e l l o s i s .

: . £xp er Im m t a I f rocedares -
A g g lu t in a t i on t h e .  1228 sam ples  o f  hog b lo o d

w hich  cmrne I n t o  the  l a b o r a t o r y  w ere  t e s t e d  by t h e  a g g l u t i n a ­

t i o n  method commonly u sed  f o r  s i t tdy in f  t h e  b lo o d  o f  c a t t l e ,  

t h e  t e s t  was s e t  up In t h e  f o l l o w i n g  d i l u t i o n s :  I t  i z i ,  1 |2$*

tf  5 0 # I t  100* Is 200* a n d  t h o s e  sam p le s  w h ic h  r e a c t e d  In  I t 200 

d i l u t i o n s  wmm f o r t h o r  t e s t e d  In  th o  h i g h e r  d i l u t i o n s  o f  l i£ 5 0 *  

I I 5 0 0# Is 1000* 112000# and I n  one  c a s e  ms h i g h  am 114000*

S t r a i n  1119 B r u c e l la  a b o r tu s  a n t ig e n  p repared  by th e  

Bureau of  Animal Industry*.-,-United S ta te s  D epar taea t  o f  Agri*  

c u l t u r e  was u t i l i s e d  f o r  t h e  t e s t s .  In  some In sta n c e s  a per** 

c i n e  s t r a i n  was u sed  t o  make the  an tig en *  but inasmuch as 

t h e r e  seemed t o  be no d i f f e r e n c e  l a  t h e  r e a c t io n *  most o f  th e  

animals were t e s t e d  w ith  th e  u su a l bovine s t r a i n .

Complement F ix a t io n  T e s t s t t h e  complement f i x a t i o n  t e s t  

\ m s  s e t  up In th e  manner s i m i l a r  t o  t h a t  d e s c r ib ed  by Kolmar 

and i  m m e r ,  1939* f o r  t h e  comp lament f i x a t i o n  t e s t s  f o r  

s y p h i l is*
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ftiig » n t i §m  wa* mad# np acco rd in g  t #  th«  method d e sc r ib e d  

by fh a a s e n ,  1934, ex ce p t  th a t  t h e  organism* were grown f o r

fo u r  days on t r y p to s a  agar in s te a d  o f  l i v e r  in f u s io n  a g a r ,  a s

he su g g e s ts*  fhe  o r g a n is e s  were washed o f f  t h e  s l a n t  w i t h  *

sm all mount of s t e r i l e  d i s t i l l e d  water and. heated  f o r  th r e e  .

h oa rs  a t  100° C. and i t %m r e f r I f e r a t e d  fo r  ten  days w ltn  e eca *  

a io n a l shakings#  fh e  su sp e n s io n  was c e n t r i f u g e d  a t  low sp eed  

to  threw  M m  t h e  g r e a te r  p o r t io n  o f  t h e  t e e t e r I *  and th e  

su p ern atan t f l u i d ,  s t i l l  t u r b i d ,  was used  w ith  CVS-- phenol 

added*

¥h*'U*«fti K elaer  k i l u t l o n s  for M o t o r  i e l  a n t ig e n s  we re

made up w ith  s a l i n e ,  a n d  a n t i g e n i c  and  an ii-co iap  1 er-ieniary 

t i t r a t i o n s  were made* A dose o f  b a c t e r i a l  a n t ig e n  e q u iv a le n t  

to  on © -th ird  o f  t h e  a n t i-e o m p 1eraentary mult was used*

ftm  t e a t *  w ere in e u te t e d  two h ou rs in  a w ater  bath and 

t h e  r e a d i n g s  ®ade t e n  m inu tes  a f t e r  Comp1e tc  he.rol y s i s  o f  th e  

serttii  control, where e o u p ie te 'h e ir o l y s i s  o c c u r r e d ,  O th e r w ise ,  

th e y  were read a t  t h e  end e f  th e  per iod*

Op $onocytopha<?1c t e s t s ; these were ca r r ied  out on 434 

perelne blood samples, and an agg lu t ina t ion  t e s t  f a r  each 

sample was also  made* fhe opsonocytophagic t e s t  watj ca r r ied  

on In the same manner ss th a t  described on pages 24 and 25, 

except th. t  the suspensions of organisms w**re <>,ade up In. 

physiological s a l t  so lu tion  Instead of 0#5& barium chior Id® 

and 0,6/S sodium chloride ,

a c o m p a r i s o n  o f  a g g l u t i n a t i o n  a c w p j ta e n t  f i x a t i o n  

t e s t s  was made, u s i n g  t h e  b l o o d  o f  42 a n i m a l s ,  t h e  t e c h n i q u e
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f o r  th e  aggl  t t t i  n a t io n  t e s t s  was s i n  l i a r  to  t h a t  desc r ibed  

above* w ith  d ilu t io n s  of t i l t f ,  1:25, 1:50, It 100, 1:200,

Wetifeld Reaction* th e  Nettfeld rea ct io n , s im ila r  to  that  

described by S a iift, I f 33 , Armstrong, 1932, mud Cooper and 

Walter, 1935, for  pneuaoeoeei w*s used to  determine whether 

s p e c i f i c  immune sera produces a * w i l i n g *  r e se t  ion. f w  

large  lo o p fu ls  o f  ra b b it  serum from an im als  which tod  been 

p rev iou sly  immunised a g a in st  Brucella was placed on a c le a n  

s l i d e ,  An equal q uantity  o f  a suspension o f  organises In die* 

t i l l e d  w ater  was added t o  i t  and t h e  two w ere mixed by t i l t i n g  

th e  s l i d e ,  a s  described In capsu le  sta in ing  technique on 

page 21 , and sta in ed  w ith  In d ia  ink and c r y s ta l  v i o l e t *  Vari­

a t io n s  o f  t h i s  technique w ere used, when the organisms were  

suspended lit p h y s io lo g ica l s a l t  so lu t io n  in s te a d  o f  d i s t i l l e d  

water* Very sm all q u a n t i t i e s  o f  organism s and large q u a n tit ie s  

of sera  were u sed , a s  suggested by Smbln, 1933, and Armstrong, 

1932, f o r  t h e  pneumecocci.

H e s u i t s

A gglutination  T e s t s : In a herd  o f  149 I n f e c t e d  antornIs

where two t e s t s  wer# wade" th r e e  months a p a r t ,  Spue#tic t u t s  

had been I s o l a t e d  f r o m  t h e  blood of s e v e r a l  animals* Of 

t h e s e ,  60 were mature sows w ith  t h r e e  o f  t h e *  In advanced  

pregnancy ,  11 were mature b o a r s ,  and SS were g i l t s  which hed 

h m m  segregated i m m  t h e  r e s t  of the herd f o r  some t im e .  Only 

one g i l t  showed a t i t e r  o f  I t l Z j t  and the r e s t  were n e g a t i v e .

The number of animals w it h  t h e i r  a g g lu tin a t io n  t i t e r s  i s  

l i s t e d  as  f o l l o w s :
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No# -of AniatU

I
t
t

13
I®
10
17
i

10

Agglu t ina t ion  t i t e r s

114000
l i f § 0©
1:1000
1 * 5 0 0
1 s zoo 
n too
1*50
1*25
n tz i

Son* o f  tho  h igh  .r o o c to r s  had been s o ld  botwoon th e

f i r s t  and second t o o t s  • Of th e  139 r e ®  In i  rig an im als  t e s t e d  

t h r e e  month* l a t e r ,  51 o f  ohIoh were young g i l t s ,  two show## 

a t i t e r  o f  1*2001 two* o f  1*100; tw o,  o f  1:50$ onor l*25j

a t i t e r  o f  1*1 Z i  w e r e  young g i l t s *  th e  r e s t  w ere  a d u l t  a n l -  

t o I %  ".Many Of.-tho a n im a ls  h a d  l o s t :  t h e  i t  't .Itoro :-wl t h i n  th o  

-throe months* ■ '''•

I t  was fou n d , In exam ining b lood  from I n f e c t e d  a n i m a l s ,  

th&t many o f  t h e *  whleh showed a t i t e r  o f  1 :1000  o r  above  

were a p p a r e n t ly  l a  the. h e i g h t  o f  t h e  d i s e a s e *  - Animals which  

had  t h e  d i s e a s e  f o r  some t im e  d i d  n o t ,  f o r  t h e  m ost  p a r t ,

Oho* t i t e r s  o f  more than 1*200 ,  and In many c a s e s  th e y  were  

l e s t  than 1*50* In an im als  whteh had j u s t  boon I n f e c t e d ,  tho  

t i t e r s  were f r e q u e n t l y  a s  low as 1*25 or 1*50 . .

/ ig g l t t t in a t lo n  and Comp la ment F i x a t i o n  f e s t s :  A compart*

son o f  the  two t o a t e  on 41 an im als  Is  summarised In f a b l e  7 .  

t h e r e  are  some d i s c r e p a n c ie s  In th o  r e s u l t s  o f  t h e  two t e s t s ,  . 

but in  g e n e ra l  th ey  a g ree  f a i r l y  w e l l*

OpoonocytophOfl.to f o o t s * In a g t m p  o f  heps which was 

t e s t e #  p r i o r  t o  yitee I n a t io n  w i t h  King S s t r a i n  o f  B r u c e l la  s t i l s ,

and s ix te e n * '  J t . I f f ,  : t h r e e  o f  th e  an im als  which r e a c te d  w ith



74

t h e  average  op so n ocytop h ag ic  r e a c t i o n  was low* t h e r e  w e r e * • 

ho w e v e r |  throw a n im a ls  which showed a m aderate opsoneeyte** 

p h ag ic  index in  t h i s  group* f a b l e  8 shows t h e  o p s o n # e y t# -  

p h ag ic  I n d i c t s  fo r  t h e s e  t h r e e  s t r a i n s , ,  a s  w e l l  a s  t h e  a v e r ­

age  and l o w e s t  In d leea*  A f t e r  v a c c in a t io n  w ith  King S tha  

in d ic e *  hogan t o  r i s e ,  r e a c h i n g  t h e i r  h e i g h t  a t  tho  secen d  

week p e r io d  and r e m a in in g  so  through tho  f o u r t h  week*, f i t#  

r e s u l t s  o f  t h i s  t e s t  a r e  summarized i n  t a b l e  9 .

in  a group  o f  21 an im als  which showed a t i t e r  o f  I t 200  

o r  more* tho. o p s o a o e y t s p h a g l c  I n i a x  was m o d e r a t e ,  and In  21 

a n im a ls  w h ic h 'had  r e c e n t l y  r e c o v e r e d  f ro® p o r c i n e  b r u c e l l o s i s ,  

t h e  Index  was c o n e id e r a b ly  t t |§  h e r .  In  Z§ anim al* w hich h a d  

high  t i t e r s ,  b u t  whose t i t e r s  M i '  M e n  reduced o v e r  a p e r i o d  

o f  t w e lv e  months t o  1 * 2 5 'o r  t i l t i ,  th o  o p son ocy top h a g ic  in d ex  

was a l s o  high*- f h e  i n d i c t s  o f  t h e s e  groups a r e  I n d ic a te d  In 

f a b l e  10,

f h i r t y » e i g h t  g i l t s  f ro m  an  I n f e c t e d  h e r d ,  which had boon 

removed to  s e p a r a t e '  q u a rte r*  soon a f t e r  b i r t h ,  showed low  

o p so n o cy top h ag ic  i n d i c e s *  In a group o f  SI n e g a t i v e  a n i m a l s ,  

m ost o f  which were presum ably unexpeeed* t h e  opson ocytop h h g lc  

t e s t  was low. • S ix  o f  t h e s e  an im als  had r e l a t i v e l y  h i g h  I n d i ­

c e s  w ith  t h i r t e e n  ©r mors marked 'd e l Is#  The^e a n im a l s  may 

have acq u ired  son#' immunity, s i n c e  t h e y  nursed  p o s i t i v e  brood 

sows fo r  a t im e ,

K eufeld  R e a c t i o n s t h e  N eu fe ld  r e a c t i o n  d i d  n o t  appear  

t o  p r o d u c e  an y  *quel l in g *  In  B r u c e l l a  when equal e r  la r g e r  

q u a n t i t i e s  of  eerum w e re  m ixed  w i t h  t h e  o rg an ism s.



The a g g l u t i n a t i o n  t e a t *  o f  t h e  1226 sample* appear to  

show t h a t  I n f e c t e d  hogs  do mot alwaye r e a c t  In low d i l u t i o n * ,  

a s  th e  l i t e r a t u r e  would s e en  t o  In d ic a te *  l a  t h e  r e c e n t l y  

i n f e c t e d  a u l a a l #  the  t i t e r s  did  n o t  r i s e  much abcve  1 : 2 0 0 * 

but t h o s e  In t h e  h e i g h t  o f  t h e  d i s e a s e  shewed t i t e r e  ©f Is 100 

and l : 1 0 0 0 f and  tome were a s  h i g h  a s  i s 4000* When t h e  an im a ls  

had  been  I n f e c t e d  a y e a r  o r  more, t h e  t i t e r  was f r e q u e n t ly  a s  

low a s  Is 25 o r  Is 50,

These r e s u l t s  would  seem to  I n d i c a t e  t h a t  t h e  d i s e a s e  

i s  a s e l f - l i m i t i n g  one; th a t  t h e  a g g l u t i n i n *  appear ra th er  

s l o w l y ,  reach t h e i r  h e i g h t  w i t h i n  a thr**~i*onth p e r io d ,  and 

f r t i u a l l y  recede*'' Ttoere w e r e , ’how ever, *o*e e x c e p t io n * to  

th e s e  f in d in g s*  . ■ ■ . ; •

I t  would s e a l  from to e  r e l a t i v e l y  few  r e s u l t s  o b ta in e d  

on th e  c o a p a r i s o a  o f ' a g g l u t i n a t i o n  an d  complement f i x a t i o n  

t e s t s  o f  42 a n im a ls ,  that' th e r e  enough d i f f e r e n c e  In

th e  r ea d in g s  o b t a i n e d  In t h e  two t e s t *  to  w a r r a n t  the  us# o f  

t o e  complement f i x a t i o n  t e s t  l a  r o u t in e  la b o r a to r y  p r o c e d u r e s ,  

s in c e  i t  i s  somewhat d i f f i c u l t  t o  h a n d le .

In u n in f e c t e d  an im als th e  o p s o n o c y t o p h a g i c  Index  was 

u s u a l ly  low* The few showing aw d e r a te  I n d i c t s  were g i l t s  

w h ich  may have  p ic k e d  up some f a a t w l i y  f rom th e  I n f e c t e d  sows 

during 'the n u rs in g  per iod*

Those a n im a ls  which shoved a t i t e r  o f  1:200  or o v e r  In  

th e  a g g l u t i n a t i o n  t e a t  had m oderate  I n d i c e s  which i s  u s u a l  

o f  th e  d i s e a s e  In man* a c co r d in g  t© H uddleson, 1939, though
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in  c a t t l e  f tab ste in  end Cert t e n ,  1942, found many h ig h  I n d i c t s  

in  In fe e  t e d  ant** Is.*

fh@ e p se n e c y te p h a g ic  t e s t  was high  {15 o r  more marked 

c e l l s )  In th o s e  an In a l s  which had f i e i f i n i *  or  were recev~

e r in g  f r o *  t h e  d i s e a s e ,  B u dd ieson ,  1939,  s o g g e s t s  t h a t  15 

narked l e u c o c y t e s '  in t h e  25 count##  i s  I n d ic a t iv e  o f  imittftity# 

A group o f  a h Iwala ,-v a cc in a ted  w i t h  King 8 B ru ce l la  s a l s  

showed a r i s i n g  op son ocy top h a g ic  Index during t h e  second week 

.and t h i s  c o n t in u e d  high f o r  t h e  € m t  week# the; t e s t  p e r io d ,  

th e r e b y  I n d ic a t in g  |n a l l  p r o b a b i l i t y  t h a t  v a c c i n a t i o n  w i th  

King 8 B r u c e l la  s t i l s  produced^aefce SMWiIty* Whether t h i s  

or any o th e r  Im ranity  In p o r c l n t  b r u c e l l o s i s  Is  l a s t i n g ,  o n l y  

f u t u r e  exposure  t e s t s  w i l l  t e l l .

While th e  opsonocytophagic t e a t  I s  not t h e  anewer t o  the  

d ia g n o s t ic  problem In p o r c in e  b r u c e l l o s i s ,  I t  appears t o .he 

v e ry  h e lp f u l  In co n ju n c t io n  w ith  o th e r  t e s t s  In d e t e m ln ln g  

the  s ta g e  of  th e  d i s e a s e  and t h e  wanner l a  w hich t h e  animal 

l a . r e a c t i n g  t o  th e  I n fe c t io n #

W hile  t h e  H e u f e ld  r e a c t i o n  d i d  n o t  appear t #  ehow " q u e ll*  

t n § ?* in  B r u c e l l a ,  I t  wou ld  he r e l a t i v e l y  d i f f i c u l t ,  In any  

c a s e ,  to  j u d g e  w i th  c e r t a i n t y  w hether th e r e  was a n y  c a p s u l a r  

s w e l l i n g ,  inamrach a s  t h e  o rg an  I s a s  m eet be s t m tn e #  b e f o r e  

t h e  c a p s u l e  can  be seen* S in c e  t h e r e  a r e  v a r i a t i o n s  In  th e  

normal s i m  mi t h e  organism s and f r e q u e n t ly  l a r g e  organlame  

appear In g ro u p s  o f  o t h e r w i s e  sm a l l  o n e s ,  I t  w o u ld  be d i f f i ­

c u l t  t o  d i s t i n g u i s h  f u e l l i n g  n a le a s  i t  was v e r y  marked, a s  

In th e  pneuBiocoeei*
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TASlE 7
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: DISCUSSION

th e  -study o f  t h e  c a p e o le e  o f  B ruce1 in in  c o n n e c t io n  w i t h  

th e  i n v e s t i g a t i o n  o f  p o r c in e  b r u c e l l o s i s  went Id in d ic a t e  t h a t  

m ic r o sc o p ic  exam in ation  o f  organism s s t a in e d  t o  show c a p s u le s

i s  e a s i e r ,  l e s s  c o s t l y ,  and more a c c u r a te  t h a n  p l a t i n g  t h e  

o rg a n i s m s  and exam ining t h e  c o lo n ie s  t o - d e t e r m l ' s  w h e th e r  

th e y  a r e  rough, smooth, or  In term ed iate*  T h is  s h o u ld  he  a

v a lu a b le  a i d  In k eep in g  c u l t u r e s  In good c o n d i t io n  f o r  th e  

p r e p a r a t io n  o f  v a c c i n e s ,  a n t i g e n s ,  and th e  l ik e *  I t  *hould  

a l s o  be borne In mind th a t  B r u c e l la  grows In l i q u i d  c u l t u r e  

media a r e  r a p id ly  e h in g e d  and , h e n c e ,  a r e  u n s u i ta b le  f o r  »s#

In a n y  o f  t h e  s e r e  l o g i c a l  t e s t s *  S i r a  In s  ©f B r u c e l la ,  when, 

t r a n s f e r r e d  t o o  f r e q u e n t l y ,  ln trodi i .ee  la r g e  numbers o f  unen- 

© a p s v ia i e d  © r g a n l s a s  w h ich  p r o d u c e  I n a c c u r a t e  r e s u l t s  In %m%m 

l i k e  t h e  op son ocy to p h a g ic  t e s t *

I t  I s  q u i t e  p o s s i b l e  t h a t  a s t r a i n  o f  B r u c e l l a  which l i  

c a p a b l e  o f  d e v e l o p in g  marked a n t i g e n i c  r e sp o n se s  In  an im als  

b u t  I s  I n c a p a b l e  o f  produ cin g  more t h a n  a v e r y  m i ld  a t t a c k  o f  

t h e  d i s e a s e ,  co-old be dove lop ed  f o r  t h e  v a c c i n a t i o n  o f  swine# 

f i le  r e s u l t s  o f  lo n g  In cu b atio n  on b o th  l i q u i d  and  s o l i d  media 

i n d i c a t e  t h a t  t h e s e  m ethods  would p r o d u c e  a t te n u a te d  s t r a i n s  

s i m i l a r  t o  th e  one mm ueed f o r  v a c c in a t io n  o f  c a t t l e .  Hence, 

i t  m ig h t  be p o s s i b l e  t o  f i n d  a smooth s t r a i n  o f  B r u c e l la  s u l s  

w h i c h ,  when c u l t i v a t e d  In  a s i m i l a r  way, would  p ro d u ce  * s a t ­

i s f a c t o r y  organism  f o r  t Urn v a c c i n a t i o n  o f  t w i n e .



i f

f l i t  d ia g n o s is  o f  p o r c i n e  b r u c e l l o s i s — alw ays a problem—

t a n  be a i d e d  by t h e  s tu d y  o f  t i l#  b lo o d  p ic t u r e  o f  t h e  a n im a t s  

In  q u estio n #  s i n c e  I t  I s  one &t t h e  few d i s e a s e s  In  which  

' iy n p h o e y to s ls  I s  a c h a r a c t e r i s t i c  o f  tine b lo o d  p ic tu r e *  f h s  

r e s u l t s  o b t a i n e d  in  t h i s  s t u d y  in d ic a t e  t h a t  th e  b lo o d  p ic t u r e  

In  sw ine  f o l l o w s  r a t h e r  c l o s e l y  t h a t  found In  mam, b u t  I t  i s  

p r o b a b l y  n o t  a s  r e l i a b l e  an  Index because  t h e  normal b l o o d  

p i c t u r e  In  hoqs v a r i e s  t o  such a marked ex ten t*

E o s i n o p h i l s  I n c r e a s e d  during r e c o v e r y  and#, w h i l e  t h i s  I s  

c h a r a c t e r i s t i c  o f  a ntssber o f  d i s e a s e s ,  i t  m m  n o t  s e e n  t e  

hav e  hmm  p r e v i o u s l y  r e p o r t e d  f o r  b r u c e l l o s i s  In  a n y .a n lM l*  

The f i n d i n g s  w i t h  r e g a r d  t o  t h e  t o t a l  number o f  e r y t h r o ­

c y t e s  a n d  th e  q u a n t i t y  o f  hem oglobin  d i d  n o t  r e v e s t  th a t  an 

e v a lu a t io n  o f  th e n  would  be a b e n e f i t  o r  a i d  In th e  d ia g n o s i s  

o f  t h e  d i s e a s e *  •

Of th e  d i a g n o s t i c  t e s t s  mow In  use# th e  a g g l u t i n a t i o n  

t d s t  i l i a s "  to  bn t h e  m ost  s a t i s f a c t o r y  I f  o n ly  a s i n g l e  t e s t  

I s  u se d  t o  determ ine t h e  p r e s e n c e  o f  t h e  d i s e a s e *  th e  i n t e r ­

p r e t a t i o n  o f  low t i t e r  -reactlo n e  w hich  o c c u r  f r e q u e n t ly  In 

hog# I f  alw ays a problem* Her* th e  o p s o n o c y to p h a g ic  t e s t  

should  be h e l p f u l  In  d e t e r m i n i n g  t h e  s t a g e  o f  t h e  d i s e a s e ,  

InasfBueh a s  m o s t  o f  th e  an im als In  I t #  e a r l y  s t a g e s  had  low 

I n d i c e s  and t h o s e  which were  r e c o v e r in g  from t h e  d i s e a s e  had 

h i g h  op son ocytop h ag ic  r e a c t io n s #  whereas in  such c a s e s  the  

a g g lu t in a t io n  t i t e r s  were  low. I t  ha# h e m  thought by some 

w o r k e r s  t h a t  a l l  a n im a l s  w i th  low t i t e r s  sh ou ld  be lo o k e d  

upon as  p o t e n t i a l  s p r e a d e r s  o f  I n f e c t i o n ,  b u t  i t  app ears t h a t
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SUMMARY

I# Y h l r t y e f ^ h t  s ir * !® *  of* § r u c « | la  &g&£$2* , £ £ ”S £ i l *

*nd B f i i g j a  E lli% E llL l *«*** examined ft< icro*c*ptc»l  l y ,  

l y # and s# rof©*jtc&J l y  In ettidylna caps at* f o r m a t ion*

I*  ! n i l  s t r a i n s  examined were Rom®! l y  e n c a p su la te d ,  

w hether th e y  were- smooth, roti$hf m  In term ediate*

i*  Whli# i t  was i m p a s s i b l e  t o  i l ls t f u n t i lAh th e  e p c e l e e  

# f  d r a a n l s s s  m ic r o s c o p ic a l ly , ,  i n  ceps® !*  s t u d y  i b e  d i f f e r *  

e n c u s  be tw een  r#w§hf smooth* e n d  I n t e r m e d i a t e  s t r a in s*  c o u l d  

lie r e a d i l y  d e t e c t e d  fey m i c r o s c o p i c  e x a m in a t io n #  b o a t ' l l  

s t r a i n s  o f  organIsm« have a d i s t i n c t  plnl< c t p s ^ J r  w i t h  a 

m g n t B t  m t $ l n  end a c e n t r a l l y  p la c e d ,  deep p u rp le  b a c t e r i a l  

c a l l#  tough s tr a in s  shew on ly  a vague mtmmtlm of « feac* 

t * r i a |  c e l l  hm4j  en d  t h e  m p m i l a r  m a r p ln  I s  rou gh en ed *  . l a t e r *  

m ed ia te  s t r a i n s  l i t  between %im two In  .appearance*

4* D i s s o c ia t io n  fetctln® t o  occu r  s t  tw e lv e  d ays  In smooth 

■strain:! Held  a t  3?0 C# on s o l i d  c u l t u r e  m ad ia ,  a l t h o u g h  t h o  

o r g a n ls*  may fee k e p t  a t  room tem p erature  f o r  t h i r t y  days and 

a t  5 °  €* f o r  s i x t y  days w ith  m  s ig n *  t f  change* - f i e r  e t fh b *  

t e e n  m onths  a t  Sa C# f o r m e r l y  v i r u l e n t  o r g a n i c  made p o o r  

a n t i  pens and h as  l o t i  t h e i r  v i r u le n c e  f o r  gu inea  p i p s .

5* ~;4 t  B r u c e l la  examined underwent change *•?*.:* in  24

hou rs a f t e r  fee I no t r a n s fe r r e d  t o  II  go Id m edia , becoming | a r § t r  

and form ing c h a in s  w ith  some f u s io n  o f  b a c t e r i a !  c e l l s  and
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cap su le**  f i l l s  I t  a p p a r e n t ly  t h e  c a u se  of t h e  mucoid  s e d l -  

Met i t  p ro d u ce d  In  l i q u i d  c u l t u r e  media* In  m os t  s t r a i n s  by 

t h e  e l e v e n t h  day t h e  c e l l s  h a v e  become s u f f i c i e n t l y  d i s s o c i ­

a t e d  so t h a t  th e y  have th e  c h a r a c t e r i s t i c s  o f  rough  s t r a i n s *  

When a l l o w e d  t o  remain i n  iieruid media f o r  tw e lve '  m onths, ? 

o n l y  smooth, v i r u l e n t  o r f a n l ^ s  were r e c o v e r e d , These do n e t  

p ro d u c e  r e c o g n is a b le  c h a r a c t e r  I s t i e s  o f  b r u c e l l o s i s  in  gu in ea  

p i g s ,  alth ou gh  t i t e r *  o f  I s £00 d eve lop ed  i n  some o f  th e  a n i ­

mals W ith high  o p s o n o c y t o p h a g i c  a c t i v i t y  p r e s e n t *

6 . U nencapaulated organisms a re  found In s t r a i n s  o f  

B ru c e l la  t h a t  have undergone ra p id  tr a n s fe r *  t h e s e  appear  a* 

navy b lue  when s t a i n e d  w itn  c r y s t a l  v i o l e t ,  while th e  encap­

s u la t e d  forms a r c  a deep purple*  Smooth s t r a i n *  o f  organisms 

were denuded of t h e i r  ca p su le s  by growing them on l i v e r  Infu­

s ion  agar 'and t r a n s f e r  r in g  them t o  b e e f  b r o th ,  but  th e  organs 

Isms rega ined  t h e i r  c a p su le s  w i th in  49 h o u r s  under a l l  con­

d i t i o n s  to  which they  were su b je c te d *  Rough s t r a i n s  o f  organ­

isms may lose  some ©f t h e  c a p su le *  i f  al lowed to  remain l a  

d i s t i l l e d  w ater  f o r  twelve hours* 1© e n c a p su la te d  s t r a i n  o f  

B r u c e l la  was c u l t i v a t e d  f o r  more th a n  48 hours* .

B* Blood P ic tu r e

1* S t u d i e s  of  th e  b lo o d  p i c t u r e  were made of  1228 

h e a l t h y ,  i n f e c t e d ,  mad v a c c in a te d  a n i m a l s .

2* Ml Id  anemia mppmm  t o  be a c h a r a c t e r i s t i c  o f  b r u ­

c e l l o s i s  a s  shown by t h e  reduced hem oglobin  and e r y t h r o c y t e s ,  

b u t  was n o t  s u f f i c i e n t l y  g r e a t  t o  be a r e l i a b l e  in d e x  In th e  

d i a g n o s i s  o f  t h e  d i s e a s e *



3,  There was a c e n t l i e t a b l e  t in ©  In th e  t o t a l  leu co ­

c y te  count* hut h e r e ,  a g a i n ,  b e c a u se  o f  th e  v a r i a t i o n  to nor­

mal hog Mood* i t  I s  n o t  dependable a s  a measure o f  I n f e c t i o n  

4 * A c t i v e  ly m p h ocy to s is  was th e  most  s t r i k i n g  f e a t u r e  

en co u n tered  a n d  was e v id e n c e d  by a n  i n c r e a s e  In  b o t h  t h e  p e r ­

c e n t a g e  v a l u e s  and  t h e  a c tu a l  nuiRtiefs o f  lyspb©eyt#s*

5* L i t t l e  change or* In some c a s e s ,  a s l i o h t  r e d u c t i o n  

was fo u n d  In  t h e  a c t u a l  number o f  n e u tr o p h i ls *

• 6 , th e  p e r c e n t a g e ,  a s  w e l l  a s  -the a c tu a l  number, o f  

e o s i n o p h i l i c  l e u c o c y t e s  Is  mofe than t r e b l e d  In most. an im als  

during th e  p e r io d  o f  r ec o v e r y  from b r u c e l l o s i s *

7 .  There I s  n o 'a p p r e c ia b le  v a r i a t i o n  In b a s o p h i l s ,  

m onocytes , o r  th o  se d im e n ta t io n  r a t e  o f  b lo o d  l a  lie® I t h y  and 

i n f e c t e d  swine*

C, D iag n o s t i c T e s t s

I* A g g lu t in a t io n  t e s t s  on 1128 h e a l t h y .  I n f e c te d ,  and 

immune animals show th a t#  w h ile  most o f  the  swine r e a c t  In 

lower d i l u t i o n s  than c a t t l e ,  tfettre a re  so  me which s how high 

t i t e r s *  The t i t e r s  ten d  t o  b# low In  t h e  e a r  l y  and l a t e  

s tages  o f  t h e  d i s e a s e  and g u l t e  h igh during i t s  a c u t e  s t a g e s *  

I* a  com parison between t h e  r e s u l t s  of  th e  complement 

f i x a t i o n  t e s t  a n d  th e  a g g lu t in a t io n  t e s t  in  42 anim als showed 

l i t t l e  v a r i a t i o n  between t h e  two t e s t s *

3 ,  The o p so n o cy to p h a g ic  In d ex  was I ew In  u n in fe c te d  

an im als ,  moderate In anim als showing a t i t e r  o f  I s 200 or more

and h i g h  In animals r e c o v e r i n g  from t h e  d i s e a s e *  V a cc in a ted  

a n im a l s  showed a r i s i n g  o p son o cy top h ag ic  Index  during th e
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