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T he a im  o f th is  p ap er is to  an a ly se  th e  m orphogenesis o f tu b ercu lo sis , as 
an  exp ression  of th e  re a c tiv ity  of th e  in fec ted  organ ism . S tud ies on th e  tu b e r 
culous changes in  connection  w ith  th e  consecu tive  re a c tio n  fo rm s of em b ry o n ic  
ev o lu tion  shed  lig h t on th e  in fluence  o f  re a c tiv ity  on  th e  patho log ica l p rocess. 
O n th e  o th e r  h a n d , th e  fac t th a t  tissu es  o f d iffe ren t r e a c tiv ity  are p re se n t w ith in  
th e  sam e em b ry o n ic  organ ism , m akes i t  possible to  in v es tig a te  th e  conn ec tio n  
be tw een  p a th o lo g ica l changes and  tissu e  reac tiv ity .

To s tu d y  th e  re a c tiv ity  to  in fec tio n , th e  em bryon ic  com plex  w as in fec ted  
w ith  K och  b ac illi o f  th e  h u m an , bo v in e  an d  av ian  ty p e , respective ly . A cco rd 
ing to  M e n k e s , th e  em bryonic  com plex  consists o f  th e  b o d y  of th e  em b ry o  
w ith  all its  ap p en d ag es , w ith  all its  liv in g  en v iro n m en t. T h is concept in c lu d es 
th e  m a te rn a l o rgan ism  as w ell; as we shall, how ever, deal w ith  av ian  e m b ry o s , 
th e  te rm  em b ry o n ic  com plex will m ean  on ly  th e  em bryo  and  th e  s tru c tu re s  
inc luded  in  th e  egg.

A to ta l  o f  297 w hite  L eghorn  an d  P ly m o u th  ch icken  em bryos w as s tu d ie d  
in  32 series. B a c te ria l in fection  o f th e  h e n ’s egg and  o f  th e  av ian  em bryo  c o m 
p lex  has ex ten s iv e ly  been s tu d ied , u n d e r b o th  a rtific ia l and  n a tu ra l co n d itio n s  
[2 — 5 ,1 4  — 23, 27, 31 — 33, 35, 36]. T h ere  seem s to  be genera l ag reem en t in  t h a t  
th e  p a th o g en s  m ay  p e n e tra te  th e  in ta c t  shell before or a f te r  th e  lay in g  o f th e  
egg. T his v iew  is o f  p a r tic u la r  b io logical s ign ificance, because i t  in fers th a t  th e  
em bryon ic  com plex , w hich re p e a te d ly  c o n tac ts  v a rious p a th o g en s d u rin g  i ts  
phy lo - an d  on togenesis , w ould in  som e w ay  a d a p t i tse lf  to  th e  u n u su a l c irc u m 
stan ces c re a te d  b y  th e  presence of th e  p a th o g en . A m ong  o th e rs , th e  p resen ce  
o f  one or m ore  b ac te ric id a l fac to rs  in  th e  egg w hite  seem s to  co rro b o ra te  th is  
v iew . T his a d a p ta t io n  develops p ro b a b ly  in  th e  m ost superfic ia l liv ing  la y e rs  
o f  th e  em bryo  com plex , w hich are  m ost exposed  to  c o n ta c t w ith  ex te rn a l p a th o 
genic fac to rs .

T he few  s tu d ie s  on th e  tu b e rcu lo u s  in fec tion  o f th e  em bryo  co m p lex  
w ere focussed  n o t so m uch on th e  re a c tiv i ty  of em bryon ic  tissues, as on th e  
c ircu m stan ces o f b ac te ria l g row th  an d  th e  effects o f  c e r ta in  drugs, an d  m o s t 
o f  th e  m orpho log ica l in v es tig a tio n s  on  th e  chorio -a llan to ic  m em b ran e  [1, 5, 13,
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15, 19, 21 — 24, 28 , 30]. These in v e s tig a tio n s  y ielded  th e  follow ing general 
conclusions :

(i) The ch ick en  em bryo  com plex (u sed  b y  m ost w orkers) can  be in fec ted  
w ith  all of th e  m o re  im p o rta n t ty p e s  o f M ycobacterium  tuberculosis.

(ii) T he s ite  o f  tubercu lous chan g es dep en d s to  a ce rta in  degree on  th e  
m ode  of in fec tion .

(iii) The n a tu r e  an d  ex ten t o f ch an g es  are  m ore or less in fluenced  b y  
th e  ty p e , q u a n t i ty  a n d  virulence o f  th e  p a th o g en ic  ag en t, th o u g h  th e re  is also 
som e c o n tra d ic to ry  ev idence as to  th e  ro le  o f v iru lence.

(iv) The m o s t m ark ed  changes o ccu r in  th e  cho rio -a llan to ic  m em brane , 
as w ell as in  th e  liv e r  and  spleen.

(v) The ch an g es  in  th e  cho rio -a llan to ic  m em b ran e  a re  p a r t ly  m esenchym al 
( in filtra tio n s , foci, e tc .) and  p a r tly  e c to d e rm a l (ep ithe lia l p ro life ra tio n , etc.) 
T h e  presence o f g ia n t  cells is c h a ra c te ris tic . I n  th e  in te rn a l o rgans th e  changes 
a re  u sua lly  n o n -sp ec ific , consisting m a in ly  of in f iltra tio n  an d  necrosis.

6. The tu b e rc u lo u s  changes deve lop  m uch  fa s te r  in  th e  em bryo  th a n  in  
th e  a d u lt o rg an ism .

7. In fec tio n  is  m o st successful w h en  ca rried  o u t on th e  10 th  to  12th  d ay  
o f  incuba tion .

8. A ccord ing  to  certa in  a u th o rs , th e  n a tu re  of th e  tu b ercu lo u s  process 
is in fluenced  also b y  th e  species of b ird  u sed .

M ethods

1. Direct infection o f the chorio-allantoic membrane. In  one case m inced tissues from a 
tuberculotic guinea p ig  were used. In other cases suspensions of M ycobacterium  tuberculosis 
(about 1 m g/m l ph ysio log ic  saline), or m inced chorio-allantoic m embrane soaked in the sus
pension were em ployed . In  every case the chorio-allantoic m embrane was infected  after 7 or 
8 days of incubation.

2. Direct infection o f  the embryo w as c a r r ie d  o u t according to  Me n k e s  [27], placing  
a  p iece of ch o rio -a llan to ic  m em brane soaked  in  th e  Mycobacterium tuberculosis suspension on 
th e  n e u ra l tu b e  o p en ed  on  th e  th ird  d ay  of in c u b a tio n .

3. In traam niotic infection by injuring the body o f  the embryo. On the fourth day of in 
cubation a suspension o f  K och bacilli was in jected  in to  the am niotic sac, afflicting w ith  the  
tip  o f the needle on in ju ry  at the caudal end o f th e  em bryo.

4. Intravenous infection. The suspension o f  M ycobacterium  tuberculosis was injected into  
the allantoic vessels o f  12—-13 day old chicken em bryos, by the slightly  m odified technique  
of E ic h h o r n .

The em bryos w ere worked up 6, 7, 8, 9 , and 11 days after in fection  in  case 1., 6 to  
16 days after in fection  in  case 2., 15 days after in fection  in  case 3. and 6, 7, and 8 days after 
in fection  in case 4. T he specim ens were fix ed  in  Susa’s solution or in  4 to 5 per cent formol. 
T he em bryos were u su a lly  exam ined every d ay , b y  the naked eye or under a binocular lens. 
In  som e cases sm ears w ere m ade from the blood ta k en  from the still beating heart, im m edi
a te ly  after breaking up  th e  shell, and were sta in ed  according to P a p p e n h e im , or w ith  haem a- 
toxylin -eosin . The h isto log ic  sections were sta in ed  w ith  haem atoxylin -eosin  and by a Ziehl—  
N eelsen  technique adap ted  to staining tissues. Silver im pregnation according to Göm öri and 
P a p p  was also carried o u t in  some cases. H isto log ic  sections and blood sm ears from norm al 
em bryos of the sam e age were used as the contro l specim ens.
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Results

1. D irect infection o f  the chorio-allantoic membrane w ith tuberculous gu inea  
p ig  tissues. T he ty p ic a l changes d ev e lo p ed  in ab o u t 10 days. U neven ly  d is t r ib u t 
ed , w h ite  foci appeared  on th e  cho rio -a llan to ic  m em brane , w h ich  tu rn e d  
o p aq u e  an d  becam e oedem atous. U n d e r th e  m icroscope, in f iltra tio n s  a n d  foci, 
com posed  m ain ly  o f eosinophile cells, w ere seen. In  th e  m ore a d v a n c e d  stage  
th e  foci co n ta in ed  p o lynuc lear g ia n t cells and  necrosed  areas (F ig s  1, 2 , 3 ) .

F igs. 1—2
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Figs. 3— 4

The in flam m atio n  w as accom panied b y  an  ep ith e lia l reac tio n . T he ec to 
d e rm a l epithelium  b e c a m e  m ulti-layered  an d  so m etim es corn ified  (m etap lasia). 
A t s ite s , epithelial b u n d le s  p en e tra ted  deep in to  th e  m esenchym al tissu s  of th e  
m e m b ra n e  (F ig . 4 ) .  I n  th e  in flam m ato ry  ch an g es a considerab le  increase 
o f  th e  argyrophilic f ib re  g ro u n d  substance w as v is ib le  (  F ig. 5 ) .  Large num bers 
o f  K och  bacilli w ere p re s e n t  in  the  in flam ed  tis su e s  (F ig . 6 ).
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Figs. 5— 6

T h u s, th e  tissues o f th e  chorio-allan to ic  m em brane develop  m ark ed  
changes in  response to  th e  im p la n ta tio n  o f he te rogenous in fected  tissu es .

2. Direct infection o f  the chorio-allantoic membrane with a suspension  o f  
M ycobacterium tuberculosis or w ith  infected membrane. T he f irs t changes a p p e a r
ed 4 to  5 days a fte r  in fec tio n , to  becom e m ore an d  m ore m arked  su b se q u e n tly . 
E ssen tia lly , th e  sam e focal changes developed  as described  above. U n d e r  th e  
m icroscope, in f iltra tio n s , foci of sim ilar n a tu re , ev en tu a lly  nec ro tic  changes 
an d  a few  p o lynuc lear g ia n t cells were v isib le .

T h e  ep ith e liu m  show ed diffuse m e tap la s ia , w hich was less m ark ed  th a n  
in  th e  fo rm er case. S om etim es sm all ep ith e lia l p rocesses p e n e tra te d  deep  in to
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th e  m esenchym a. In  th e  in f la m e d  tissue th e  n u m b e r o f argyroph ilic  fib res  was 
m a rk e d ly  increased an d  n u m ero u s  K och b ac illi could be found . T he in te rn a l 
o rg a n s  exh ib ited  no p a r t ic u la r  changes.

Figs. 7— 8

T hus, th e  tissu e  o f th e  chorio -allan to ic  m em b ran e  develop diffuse and  
m a rk e d  changes in  re sp o n se  to  d irec t in fec tion  b y  v a rious m ethods.

3. Direct in fection o f  the embryo. In  single cases c ircum scribed  foci, 
s im ila r  in  gross and  m icroscop ic  appearance  to  th o se  described  above, w ere 
v is ib le  a t  th e  site  of in fe c tio n  ( Figs. 7, 8 ) .  E x c e p t fo r a few perifocal in f i l t r a 
t io n s ,  th e re  was no ev id en ce  of a spread o f th e  process. These in f iltra tio n s  w ere
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often  th e  sole changes, th e  skin  and  its  ep ith e liu m  show ing none w h a te v e r . I n  
some cases p e riv a sc u la r  in filtra tio n s  com posed o f  ro u n d  cells or eo sin o p h ile  
cells w ere p re se n t in  th e  liver, k idney , and  lu n g s  ( F ig . 9 ).

Figs. 9— 10

T he cho rio -a llan to ic  m em brane show ed ch an g es  sim ilar to  tho se  fo u n d  
in  th e  form ed series. T he changes were fu lly  d ev e lo p ed  about 10 d a y s  a f te r  
infection . T he m em b ran e  w as g radually  th ic k e n e d , tu rn e d  opaque, a n d  th e re  
was ev idence o f a c irc u la to ry  d is tu rb an ce . Som e foci a tta in ed  a c o n s id e ra b le
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size a n d  even fo rm ed  conglom erates ( F ig . 1 0 ) .  No ep ithelia l re sp o n se  was 
v is ib le  even  in  th e  p resen ce  of a v e ry  in te n s e  in flam m ato ry  re a c tio n , ex cep t 
w h e n  th e  ep ith e liu m  h a d  been infec ted  d ire c t ly . In  the  affected  a re a s  o f th e  
e m b ry o , th e  n u m b e r o f argyrophilic  fib re s  h a d  increased  and K och  b ac illi w ere 
d e m o n s tra b le .

T h e  o th e r an n ex es (yo lk  sac, am nion ic  sac) exhib ited  no m a rk e d  changes.
T h u s , u n d e r th e  sam e experim en ta l co n d itio n s , w ithin th e  sam e em b ry o n ic  

co m p lex  an d  a t  th e  sam e tim e , th e  v a rio u s  p a r t s  of th e  com plex re sp o n d  d iffe r
e n t ly  to  th e  sam e p a th o g en ic  agen t, in  th e  p re sen t case to  M ycobacterium  
tuberculosis. T he resp o n se  o f th e  em bryon ic  b o d y  is weak, local or to ta l ly  a b se n t, 
w h e re a s  th a t  of th e  chorio -allan to ic  m e m b ra n e  is diffuse and  m a rk e d .

4. In tra -am nio tic  infection, w ith in ju r y  to the embryo. A lth o u g h  a few 
e m b ry o s  were on ly  in v o lv ed  in  th is  series, i t  w as apparen t th a t  also  on th is  
k in d  o f  in fec tion  th e  changes develop in  th e  f i r s t  place in th e  ch o rio -a llan to ic  
m e m b ra n e . T hey  w ere essen tia lly  th e  sam e  as those  described ab o v e . I n  th e  
b o d y  o f th e  em bryo  th e re  were only  n o n -sp ec ific  perivascu lar in f il tra tio n s , 
m a in ly  in  th e  liver.

5. In travenous in fection. No changes w ere  usually  d e m o n s tra b le  in  an y  
p a r t  o f th e  em bryon ic  com plex  6 to  8 d ay s  a f te r  infection . In  som e cases a sligh t 
in f i l t r a t io n  ap p eared  in  th e  chorioallan to ic  m em b ran e  a t th e  s ite  o f  th e  in jec 
tio n  a n d  m ild p e riv a sc u la r  in filtra tio n  in  som e viscera.

B iological te s ts  w ere carried  o u t to  d e m o n s tra te  the  p resence  o f  v iru le n t 
tu b e rc le  bacilli. G u inea pigs or rab b its  w ere  in o cu la ted  w ith th e  b ac illu s  c o n ta in 
ed  in  hom ogenized  em bryon ic  tissue , w h e re a f te r  typ ical, ra p id ly  sp read in g  
tu b e rc u lo u s  changes developed.

I n  a few cases liv in g  chicken w ere o b ta in e d  from  th e  in fec ted  eggs. As 
d e te rm in e d  4, 8, 22 a n d  23 days a fte r h a tc h in g , p roductive , c ircu m sc rib ed  foci 
w ere  fo u n d  in  th e  liv e r, sp leen  and lungs. T h e se  w ere sim ilar to  th e  u su a l tu b e r 
cu lo u s  changes. I n  som e in stances necrosis w as  also noted  (F ig . 11, 1 2 ).

6. M orphology o f  the blood from  norm al and  infected embryos. C o m p ara 
t iv e  analysis  of th e  d iffe ren tia l blood c o u n ts  o f  norm al and in fec ted  em bryos 
ag ed  18, 19 an d  20 d ay s  showed th e  fo llow ing  changes fo r th e  in fec ted  
e m b ry o s :

a )  a re la tiv e  decrease  in th e  n u m b e r  o f  eosinophile m e ta -  a n d  p ro 
m y e lo cy te s  ;

b) a m ark ed  re la tiv e  increase in  th e  n u m b e r  of pseudoeosinoph ile  (neu 
tro p h ile )  m e tam y e lo cy tes ;

c)  a m ark ed  decrease in  th e  re la tiv e  ly m p h o c y te  (and so m e tim es  p ro 
m y e lo cy te ) coun t.

T hese changes v a ried  in  degree. T he e ry th ro c y te  changes w ere less m ark ed  
o n ly  in  som e cases of in trav en o u s in fe c tio n  w as there  a sligh t in c rea se  in  
th e  n u m b e r  of y o u n g  fo rm s.
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Discussion

I

O ur in v estig a tio n s h av e  e lu c id a ted  sev era l phenom ena o f  th e  d ev e lo p 
m e n t of tubercu losis  in  th e  em bryo  com plex. Som e of th e  f in d in g s  ag ree  w ith  
th e  d a ta  in  th e  lite ra tu re . T h is app lies to  c e r ta in  of the  fu n d a m e n ta l changes 
cau sed  b y  tu b ercu lo u s in fec tion , to  th e  specific  reactions o f th e  e p ith e liu m , as 
w ell as to  th e  re la tiv e  incidence o f  changes in  th e  liver and  sp leen .

7 Acta Morphologica IX/1.
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I I

T h e  other find ings a re  som ew hat a t v a rian ce  w ith  th e  pub lished  ev idence. 
F ro m  o u r few o b se rv a tio n s  i t  seem s th a t  th e  ty p e  o f  th e  pathogen ic  a g en t is 
n o t  o f  decisive s ign ificance  from  th e  p o in t o f v iew  o f m orphological changes. 
T h is  app lies in  p a r tic u la r  to  th e  “ ch arac te ris tic”  d ifference  claim ed by  M o o r e  
to  e x is t  betw een  th e  a c tio n s  o f h u m an  and  b o v in e  ty p e s . W e are also u n ab le  
to  ag ree  w ith  th e  v iew  t h a t  th e  op tim um  tim e  fo r  in fec tio n  is th e  12 th  d ay  of 
in c u b a tio n , as a tta in e d  w ith  reproducib le  an d  c h a ra c te r is tic  resu lts  w ith  early  
in fe c tio n .

T h e  te rm  “ g ian t cell o f  th e  L anghans ty p e ”  is u sed  b y  m any  a u th o rs  to  
d e n o te  th e  g ian t cells a r is in g  in  th e  em bryo as a re su lt  o f  tubercu lous in fec tion . 
W e th in k  th a t  th ese  g ia n t  cells differ in  ty p e , a t  le a s t  m orphologically , from  
th o s e  seen in  h u m an  tu b e rc u lo s is . This app lies to  th e  shape  of such g ia n t cells 
(sy m p la s ts ) , to  th e  lo c a liz a tio n  of nuclei, e tc . I n  o u r s tu d ie s  in  guinea pigs th e  
g ia n t  cells produced  b y  tu b e rc u lo u s  in fec tion  w ere m orphologically  d iffe ren t 
f ro m  th e  L anghans cells. A s th e  shape or m orph o g en esis  express th e  re a c tiv ity  
o f  th e  liv ing  su b s tra te , th e s e  m orphological d iffe ren ces in d ica te  a difference in  
r e a c t iv i ty  betw een  th e  re a c tin g  organism s. I t  is in te re s tin g  th a t  th e  g ia n t cells 
o c c u r  u su a lly  in  th e  p ro x im ity  of necrotic  foci, so m etim es in  rad ia l d is tr ib u tio n . 
W e h a v e  seldom  fo u n d  g ia n t  cells in  th e  chan g es p re se n t in  th e  b o d y  of th e  
e m b ry o , a lthough  such  cells w ere freq u en tly  fo u n d  b y  som e au tho rs.

I n  co n trast w ith  Ca n a t  and  Op i e , we h a v e  n o t  observed  a re a c tio n  of 
th e  em bryon ic  ep ith e liu m  in  response to  d ire c t in fec tio n .

A s regards th e  te rm  “ casea tion” used  b y  som e au th o rs  to  d en o te  th e  
n e c ro tic  process, we ag ree  w ith  th e  co n sid era tio n s p u t  forw ard b y  L e e  and  
S t a v it z k y . In  fac t, th e  n ec ro sed  foci observed  b y  us w ere m arked ly  d iffe ren t 
f ro m  th e  usual p a tte rn  o f  caseous necrosis. T h e  n ec ro sed  m ass sta in in g  a d a rk  
re d  a n d  conta in ing  c e llu la r  d e tr itu s  and so m etim es  e ry th ro cy tes  c a n n o t be 
id e n tif ie d  w ith  tu b e rc u lo u s  caseation . I t  h a s  b een  suggested  re c e n tly  th a t  
c a se a tio n  would be a m orp h o lo g ica l m an ife s ta tio n  o f tubercu lo u s h y p e rsen si
t iv i ty .  A ccording to  p re s e n t  know ledge, i t  is h a rd ly  ju s tif ie d  to  sp eak  ab o u t 
a n  allerg ic  reaction  d u rin g  em bryon ic  life.

F in a lly , one is n o t  fu lly  ju s tif ied  to  use  th e  te rm  “ tu b erc le”  to  d en o te  
tu b e rc u lo u s  changes in  th e  em bryo . The in f la m m a to ry  foci observed  co n sid e r
a b ly  d iffer in  b o th  co m p o s itio n  and  s tru c tu re  fro m  th e  h u m an  tu b e rc le s . F o r 
e x a m p le , there  occurs no  ly m p h a tic  reac tio n . T h is fa c t  alone m akes i t  clear 
t h a t  th e  specific r e a c tiv i ty  o f  th e  su b stra te  is o f  a decisive im p o rtan ce  in  th e  
d e v e lo p m e n t of m o rp h o lo g ica l changes. I t  is o b v io u s th a t  th e  specific actions 
so o f te n  claim ed for c e r ta in  com ponents of th e  tu b e rc le  bacillus (for in s tan ce , 
a  m o b iliza tion  of ly m p h o c y te s )  can tak e  e ffec t o n ly  in  th e  presence of a d e 
q u a te  reac tiv ity .
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I I I

O ur ex p erim en ts  h av e  e luc ida ted  ce rta in  a sp e c ts  o f th e  problem  in v e s t ig a t
ed. F ro m  th e  p o in t o f view  of m ethodology  i t  is be lieved  to  be sig n ifican t t h a t  
we h av e  used re la tiv e ly  sm all n u m b ers  of b ac illi fo r in fec tio n  ; th is  is th o u g h t  
to  h av e  ce rta in  a d v a n ta g e s . M oreover, we h av e  en su red  a prolonged co u rse  o f 
th e  tu b e rcu lo u s  process b y  carry ing  o u t in fec tio n  on th e  th ird  d ay s . F u r 
th e r , b y  m eans o f ex p e rim en ta l m yelo rach isch isis th e  em bryo w as in fec ted  
d irec tly .

T h e  follow ing o f our re su lts  should be em phasized .
(i) T he tu b e rcu lo u s  in fec tio n  of th e  ch ick  em b ry o  p roduces an  ec to d e rm a l 

ep ithe lia l reac tio n  in  th e  chorio-allan to ic m e m b ra n e  an d  a reac tio n  in  th e  
em bryon ic  m esenchym a.

A) T h e  ep ith e lia l reac tio n  is com posed o f  tw o  phenom ena.
a )  A sim ple , non-specific  m etap lasia , w h ich  develops in  re sp o n se  to  

v a rio u s  e x te rn a l effects an d  w hich co rresponds to  th e  a d a p ta tio n  t h a t  h ad  
deve loped  on th e  chorio -a llan to ic  m em brane , as th e  m o st superfic ia l liv in g  
lay e r o f th e  em bryo  com plex.

b) A considerab le  non-specific  ep ithe lia l re a c tio n , w hich leads to  a deep  
invasion  by  ep ith e lia l cells an d  to  th e  d ev e lo p m en t o f  ep ith e lia l islets an d  p ea rls . 
This seem s to  be th e  response  to  b o th  th e  im p la n te d  tissu e  and  the  p a th o g en ic  
agen t. T he m ost m ark ed  reac tio n  of th is  ty p e  w as c h a rac te ris tic a lly  p ro d u c e d  
b y  th e  im p la n ta tio n  of in fec ted  tissue from  a n o th e r  species (guinea p ig). S im i
lar o b se rv a tio n s  h av e  been  m ade in  connection  w ith  th e  tra n s p la n ta tio n  of 
ce rta in  m a lig n an t tu m o u rs  [25].

W hen  in fec tio n  h ad  been  carried  o u t on  th e  th ird  day , i.e. b efo re  th e  
dev e lo p m en t o f th e  a llan to ic  sac, th e  ec to d erm al ep ith e liu m  of th e  ch o rio -a llan 
to ic m em b ran e  show ed no su b s ta n tia l changes, d e sp ite  th e  su b seq u en t d ev e lo p 
m en t o f  m ark ed  focal changes. T he re a c tiv ity  o f  th e  m em brane grow ing  in  
an in fec ted  m ed iu m  seem s to  be  a lte red  in  a sh o r t tim e . T his is only n a tu ra l  in  
view  o f th e  ex tre m e  p la s tic ity  pecu lia r to  em b ry o n ic  tissues.

B) T he ep ith e liu m  or sk in  o f th e  em b ry o , u n lik e  th e  ec toderm al e p i
th e liu m  of th e  cho rio -a llan to ic  m em brane, e x h ib its  no su b s ta n tia l re a c tio n s .

C) N o tw ith s ta n d in g  th e  tim e  o f in fec tio n , th e  em bryon ic  m esen ch y m a  
of th e  cho rio -a llan to ic  m em b ran e  responds w ith  in f la m m a to ry  in f iltra tio n s  an d  
w ith  th e  d ev e lo p m en t of foci. N ecrosis an d  th e  ap p e a ra n ce  of g ian t cells are  
ch a rac te ris tic  fea tu re s . L ikew ise, th e re  is a re m a rk a b le  increase in  th e  a rg y ro - 
philic g ro u n d  su b stan ce . T he reac tio n  is u su a lly  d iffuse.

D) T he m esenchym al response  o f th e  em b ry o n ic  b o d y  is c ircum scribed . 
In  o u r op in ion , th e  focus w hich develops a t  th e  s ite  o f  in fection  o rig in a te s  
m ostly  from  th e  im p la n te d  chorio -a llan to ic  tis su e  a n d  n o t from  th e  o rg a n ism ’s 
own tissues.

7
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(ii) L ike ou r p rev io u s ex p erim en ts  w ith  m alig n an t tu m o u rs  [25], th e  
p r e s e n t  ones, too , show ed t h a t  th e  re a c tiv i ty  o f  th e  body  o f th e  em b ry o  differs 
m o rp h o lo g ica lly  from  t h a t  o f  th e  cho rio -a llan to ic  m em brane. T h is difference 
is  r e la te d  also to  ce rta in  g en era l b io logical a n d  patho log ica l law s.

A) I t  has been  p ro v ed  once again  t h a t  th e  developm ent of a pa th o lo g ica l 
c h a n g e  (in  th e  p re sen t case, o f  th e  specific in flam m atio n ) depends g re a tly  on th e  
r e a c t iv i ty  of th e  su b s tra te . A lth o u g h  th e  p a th o g e n ic  agent is p re se n t th ro u g h o u t 
t h e  em b ry o , th e  changes d eve lop  se lec tive ly , in  accordance w ith  th e  r e a c tiv i ty  of 
t h e  v a r io u s  p a r ts  of th e  em b ry o  com plex .

B ) O ur re su lts  su g g est th a t  (a t le a s t in  o u r cases) r e a c tiv ity  is g rea tly  
in f lu e n c e d  b y  ce rta in  local, ce llu lar fa c to rs . O therw ise i t  w ould  b e  ra th e r  
d if f ic u l t  to  exp la in  th e  d ifference in  re a c tiv i ty  betw een  th e  b o d y  o f th e  em bryo  
a n d  th e  chorio -a llan to ic  m em b ran e . L ocal fa c to rs , especially  in  th e  no n -in n erv - 
a t e d  cho rio -a llan to ic  m em b ran e , m ay  h av e  a n  im p o rta n t role to  p la y .

IV

T h e  in tra v e n o u s  in fec tio n  ex p e rim en ts  show ed, in  ag reem en t w ith  th e  
d a t a  p u b lish ed  b y  L e e  an d  S t a v it z k y , t h a t  specific  in flam m ato ry  changes are 
a b s e n t ,  even  th o u g h  v iru le n t p a th o g en s  w ere  d em o n stra ted  in  th e  em b ry o  by  
b io lo g ica l te s ts . One feels te m p te d  to  c la im , especially  in  v iew  o f th e  re su lts  
o b ta in e d  b y  m yelo rach isch isis , th a t  th e  b o d y  o f th e  em bryos w ere in  som e m ea
s u re  im m u n e  to  th e  tu b e rc le  bacillus. H o w ev er, i t  would be p re m a tu re  to  draw  
a  f in a l  conclusion. A ccord ing  to  o u r o b se rv a tio n s , th e  tu b e rc u lo u s  changes 
d e v e lo p  fu lly  in  ab o u t 9 to  10 days in  th e  em bryo  com plex. H ow ever, th e  
in tra v e n o u s  in jec tions a d m in is te re d  on th e  1 2 th  or 13th d ay , o n ly  8 to  9 days 
a re  le f t  from  th e  h a tc h in g  tim e . E x p e rim e n ts  are  in  progress to  p ro lo n g  th e  
d e v e lo p m e n t of in tra v a sc u la r  in fec tion  an d  i t  is hoped  th a t  th e ir  re su lts  will 
b r in g  us n ea re r to  th e  so lu tio n  of th is  p ro b lem .

T h e  tu b ercu lo u s chan g es o f p ro d u c tiv e  n a tu re  found  in  th e  v isce ra  of 
h a tc h e d  chicks shou ld  be in te rp re te d  w ith  cau tio n . H atch in g  seem s su d d en ly  
to  a l te r  th e  re a c tiv ity  o f th e  organ ism  a n d , as a re su lt, th e  fo rm  o f system ic  
re a c t io n . The occurrence o f  such  an  a lte ra tio n  is qu ite  p robab le . A ccord ing  to  
d a t a  in  th e  li te ra tu re  [5], b y  th e  end  of em b ry o n ic  grow th th e  in f la m m a to ry  
r e a c tio n  becom es sim ilar to  t h a t  seen in  th e  post-em bryon ic  s tage . N ev erth e less , 
th e  sm a ll n u m b er of our o b se rv a tio n s  does n o t  allow  for f in a l conclusions.

C o m p ara tiv e  s tu d ies  on  n o rm al an d  in fec ted  em bryos h av e  show n  th a t  
in  th e  period  te s te d  th e  h aem a to lo g ica l re sp o n se  of th e  em bryo  is s im ila r to  
t h a t  occu rring  in h u m an  and  an im al tu b e rcu lo s is . N eu troph ilia  and  ly m p h o p en ia  
o c c u r  in  m an  and  e x p e rim e n ta l an im al a like , accord ing  to  d a ta  in  th e  l i te ra tu re  
a n d  o u r  ow n o bserva tions.
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Summary

1. The reaction of the chick em bryo com plex to tuberculous infection, as ind uced  by 
different m ethods, has been investigated .

2. The m orphological response of the chick em bryo com plex exhibited th e  follow ing  
features.

a )  Epithelial reaction of the chorio-allantoic m em brane. This is either a sim ple , non
specific  response elicited by the w idest variety  o f external effects, or a more m arked reaction , 
involv in g  epithelial invasion and developm ent of islets o f epithelium . No ep ithelia l reaction  
takes place when the chorio-allantoic m em brane has developed in an infected m edium .

b) The epithelium  of the body of the em bryo does not respond to direct m echanical 
in tervention  or to local inflam m atory changes ; even  the epithelial appendices develop  nor
m ally.

c)  R eaction of the m esenchym al tissue o f the chorio-allantoic membrane. T his in v o lves  
the form ation of infiltrations and foci o f in flam m ation , necrosis and appearance o f  giant 
cells. The reaction is marked and diffuse.

d)  The local inflam m atory focus which develops at the site where the em bryo has 
been directly  infected is apparently due to  the im planted tissue. A slight in filtra tio n  o f  the 
m esenchym a occurs exclusively  in  the proxim ity  o f the focus.

e) Intravenous infection  produces no specific changes, only non-specific in filtra tion s. 
The process develops w ithin  a short tim e and therefore the problem requires further in v e sti
gation.

f )  Productive focal changes have been found in  the viscera of chicken, on th e  4 th  to 
23rd days after hatching, following in fection  w ith  tubercle bacilli during em bryonic life . This 
phenom enon suggests th at hatching m ay suddenly alter system ic reactivity.

g )  The differential blood count from infected  em bryos showed marked changes on the 
18th, 19th and 20th days of incubation. The num ber o f neutrophile (pseudoeosinophile) leuco
cytes increased, that o f the eosinophils and lym phocytes decreased.

3. The giant cells found in  the tuberculous changes of the embryonic com plex  differ  
m orphologically from the giant cells o f the Langhaus type.

4. The necrotic changes in the em bryonic com plex differ from the usual pattern  of 
caseation.

5. The cellular com position of inflam m atory foci is different from th a t o f  tubercles. 
E pitheloid cells and lym phocytes are usually absent and m ainly eosinophilic cells (m ono- or 
polynuclears) are found in their place.

6. A marked difference in reactiv ity  is observable, especially between the bod y o f the 
em bryo and the chorio-allantoic m em brane. This corroborates the earlier findings o f M e n k e s  
et al. Under the sam e conditions of infection  the chorio-allantoic membrane responds m arkedly  
and diffusely , whereas the response of the body is w eak and circumscribed. The m arked reac
tiv ity  o f  the chorio-allantoic m embrane is apparently due to a phylogenetic a d a p ta tio n  to 
repeated external injuries.

7. The different changes found in the tissues o f different reactivity corroborates the  
sign ificant role of the substrate’s reactiv ity  in  the developm ent of a pathological process. 
M oreover, in regard to the peculiar conditions prevailing in  the embryo com plex (presence  
of tissues w ithout innervation , etc.) it seem s th a t local factors, too, m ay play a role in  the  
response to the pathogenic agent.
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О ПРОБЛЕМЕ РЕАКТИВНОСТИ ЗАРАЖЕННОГО ОРГАНИЗМА 
В РАЗВИТИИ ТУБЕРКУЛЕЗА

Й. Ш АНДОР

Реакция эмбрионального комплекса цыплят в случае туберкулезного заражения 
проявляется в характерных изменениях. Эпителиальная реакция хорион-аллантоидной 
мембраны либо простая, неспецифическая, возникающая на многочисленные внешние 
воздействия (утолщение, метаплазия), либо она более выраженная, сопровожденная
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разрастанием эпителия вглубь, образованием эпителиальных островов, и со сильной 
метаплазией. В противоположность этому эпителий зародышевого тела не реагирует даже 
на непосредственные воздействия, и развивающийся местный очаг не влияет на развитие 
эпителиальных придатков, или на характер эпителия. В мезенхиме хорион-аллантоидной 
мембраны развиваются инфильтрации и эозинофильные или же одноядерные кругло
клеточные очаги с некрозами и образованием гигантских клеток. Реакция сильная и диф
фузная. В случае непосредственного заражения тела зародыша, кроме местного воспали
тельного очага, нельзя выявить значительных изменений. В случае внутривенного зара
жения (во второй половине инкубации) наблюдаются только небольшие инфильтрации 
в отдельных внутренних органах, однако, этот вопрос требует еще дальнейших исследо
ваний. После туберкулезного заражения во внутренних органах вылупленных цыплят 
обнаруживаются очаговые изменения продуктивного характера, предположительно 
в связи с изменением реактивной способности после вылупления. Туберкулезное зара
жение обусловливает выраженные изменения в картине крови зародышев цыплят (ней- 
трофильный лейкоцитоз, лимфопения и эозинопения). Образующиеся в зародышевом 
комплексе гигантские клетки и некрозы отличаются с морфологической точки зрения 
от гигантских клеток Лангханса и от створаживания. Состав клеток воспалительных 
очагов до вылупления отклоняется от обычного клеточного состава «бугорков». В преде
лах зародышевого комплекса наблюдается выраженная разница между реактивной 
способностью тела зародыша и хорион-аллантоидной мембраной. Выраженная реактив
ная способность последней развивается по всей вероятности вследствие повторных фило- 
и онтогенетических встреч с внешними воздействиями. Разница изменений тканей с раз
личной реактивной способностью подчеркивает значительную роль, которую играет 
реакция субстрата в возникновении патологического процесса.
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