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In  ex p erim en ta l p a th o lo g y  tw o  fu n d am en ta l m e th o d s are  em p lo y ed  for 
th e  s tu d y  o f in fectious p rocesses. C ertain  h u m a n  in fec tious d iseases can  be 
rep ro d u ced  fa irly  accu ra te ly  in  specia lly  selected  an im als. A tru e  e x p e rim e n ta l 
m odel of a p a r tic u la r  disease can  be said  to  have been  p ro d u ced  w hen in fec tio n  has 
been  induced  in a m anner c lo se ly  sim ilar to its n a tu ra l  occurrence , if  th e  e x p e ri
m en ta l disease runs a p p ro x im a te ly  th e  sam e course as in  h u m an s, an d  if  th e  
clinical an d  patho log ica l m a n ife s ta tio n s  closely resem ble tho se  o b se rv ed  in 
h u m a n  p a tie n ts . Such a m odel, how ever, can n o t be rep ro d u ced  for all in fec tio u s 
diseases. E v en  those e x p e rim e n ta l diseases in an im als w hich  show th e  closest 
resem blance  to  hum an  p a th o lo g y  reveal c e rta in  —  som etim es essen tia l 
fea tu res  th a t  d istingu ish  th e m  from  th e ir  p ro to ty p e  h u m a n  disease.

The o th e r  m ethod  is to  p ro d u ce  a specific in fec tious process d e lib e ra te ly  
c re a tin g  cond itions d iffe ren t from  the  n a tu ra l occurrence  of d isease. This 
applies to  in trav en o u s , in tra p e r ito n e a l , in tra c e reb ra l an d  o th e r m odes of 
in o cu la tio n , as well as to  th e  u se  o f huge inocula , or p re lim in a ry  t r e a tm e n t  of 
te s t  an im als, exposed to in flu en ces , im probab le  or im possib le  u n d e r  n a tu ra l 
co n d itions, e tc . The a rtific ia lly  induced  in fection  m ay differ co n sid e rab ly  from  
th e  n a tu ra l disease w ith  re sp e c t to location  o f lesions an d  clin ical course. 
N ev erthe less im p o r ta n t d a ta  on  pathogenesis , t r e a tm e n t  and  p re v e n tio n  have 
b een  o b ta in ed  th is  w ay. In  la b o ra to ry  p rac tice  th is  m e th o d  (or m eth o d s) is used 
ex ten s iv e ly ; it  m akes e x p e rim e n ta tio n  sim pler an d  conclusions m ore obvious.

In  o u r a tte m p ts  to  in d u c e  shigellosis w ith  in te s tin a l lesions c h a ra c te r is tic  
o f  d y se n te ry  in  lab o ra to ry  a n im a ls , we w ere — no m ore successful th a n  m ost 
in v es tig a to rs  before us. In g e s te d  p a thogens of d y se n te ry  failed  to  in v a d e  th e  
g a s tro -in te s tin a l tra c t. E v en  i f  w e did succeed now  an d  th e n  in  p ro v o k in g  
in te s tin a l in fec tion , it p ro v ed  ex trem e ly  d ifficu lt to  observe  th e  process in a 
sy s tem a tic  m anner. H ow ever, in some ex p erim en ts , m ade in co llab o ra tio n  
w ith  L. S. D r. B i b in o v a , m ice and  ra b b its  w ere found  to  h av e  deve loped  
p n eu m o n ia  i f  th e  p a thogens h a d  gained access to  th e ir  re sp ira to ry  passages. 
Shigellae w ere iso lated  in p u re  c u ltu re  from  th e  lungs o f th ese  an im als . I t  was 
th is  chance observ a tio n  th a t  p ro m p te d  us to  s tu d y  th e  effects o f in tra p u lm o n a ry



4 4 0 М. V. VOINO-YASENETSKY and M. K. VOINO-YASENETSKAYA

in o c u la tio n  of Shigellae. W e w ere encouraged  in  doing  so b y  th e  rep o rts  of 
S e r é n y  in 1955 on  “ k e ra to c o n ju n c tiv itis  sh igellosa” . In tra c o n ju n c tiv a l 
S h ig e lla  infection , p ro d u c tiv e  of local in fla m m a tio n s  in  gu inea  pigs, was 
su b se q u e n tly  used b y  s e v e ra l w orkers ( H e c k e l  et al., 1957; M a n o l o v , 1957; 
S i r o k o , 1958; e tc). T h is  m e th o d  how ever is n o t su itab le  fo r q u a n tita tiv e  
d e te rm in a tio n  of th e  re p ro d u c tio n  or d e s tru c tio n  of b a c te r ia . B esides, guinea 
p ig s  are no t read ily  a v a ila b le  an d  too ex p en siv e  for m ass ex p e rim en ta tio n

I t  was show n in  o u r  f i r s t  paper on th e  su b je c t (1957) th a t  b y  q u a n tita tiv e  
bac te rio lo g ica l d e te rm in a tio n s  th e  fa te  o f Shigellae in  p u lm o n a ry  tissue of 
m ice  could be follow ed a f te r  in tra n a sa l in o c u la tio n , and  th a t  re c e n tly  iso la ted  
K ru s e — Sonne ( S h . so n n e i, 2. F l e x n e r  ( Sh. fle x n e r i lb ,  2a, 3 ) ,  N ew castle  
( Sh.  fle xn er i)  an d  d if fe re n t typ es of B o y d — N o v g o ro d sk ay a  ( Sh. boydii) 
s t r a in s  were well ab le to  su rv iv e  and  m u ltip ly  in  th e  lu n g  o f w h ite  m ice

W hen Shigella c u ltu re s  w ere m a in ta in ed  u n d e r  u su a l la b o ra to ry  condi
t io n s  for a long tim e , th e i r  c a p ac ity  to  grow  in  v ivo , te n d e d  to  decline; a lthoug  
th e i r  o ther b iochem ical a n d  serological p ro p e rtie s , and  even  th e ir  to x ic ity  
p ro v e d  to  be u n c h a n g e d . I n  co n tra s t to  th e  ab o v e-m en tio n ed  ty p es, Sh. 
dysenteriae 2, sm o o th  K ru s e — Sonne s tra in s  a n d  ce rta in  N ew castle  stra ins 
fa il  to  p ro liferate  p u lm o n a ry  tissue of an im als  even  w hen  in o cu la ted  d irec tly  
fo llow ing  iso lation  fro m  h u m a n  p a tien ts . S im ila r o b se rv a tio n s  w ere m ade in 
co n n ec tio n  w ith  c o n ju n c tiv a l  in fection  of gu in ea  pigs (Sa n t a r e n k o  an d  T e s l a , 
1960).

In tra p u lm o n a ry  S h ig e lla  infection  of m ice h as  proved  to  be a usefu l tool 
fo r  th e  s tu d y  of a n tib io tic s  (V o n i o -Y a s e n e t s k a y a , 1958) an d  m ay  ev iden tly  
s e rv e  for o ther p u rp o ses  a s  well. H ow ever, in  o rd e r to  a p p re c ia te  th e  scope of 
th i s  experim en ta l m e th o d , i t  is necessary  to  s tu d y  ev ery  d e ta il of th e  p a th o lo g i
c a l changes, induced  b y  S h ige lla  infection in  th e  a ffec ted  an im als. T he purpose 
o f  th is  investiga tion  w as to  s tu d y .

(1) Those changes (re a c tiv e  processes in  p a r tic u la r)  w hich  occur in  mice 
a t  d iffe ren t periods fo llo w in g  infection  w ith  v a rio u s  Shigella s tra in s ;

(2) In tra p u lm o n a ry  lo c i, where Shigella bacilli p ro life ra te , th e  m edium , 
su p p o r tin g  th e ir g ro w th ;

(3) The possible re a so n  w hy  certa in  s tra in s  of d y se n te ry  bacilli fail to  
su rv iv e  in  ihe lung  o f a n im a ls .

M ateria l  a n d  m e th o d

Our experiments consisted of three principal groups, each with 20 separate series, 
involving more than 1100 white mice of 12 to 16 g body weight. Experiments of the first and 
second group were run with strains capable of proliferating in the lung of mice ( S h .  s o n n e i ,  
S h .  f l e x n e r i  2a a n d  6, S h .  b o y d i i  1 )  and with strains which do not survive there ( S h .  d y s e n te r ia e  
2 . ) Eighteen hour broth cultures, containing several millions of organisms per 0.05 ml, served as 
inocula, introduced intranasally under light ether anaesthesia.

Several millions or a thousand millions, respectively, of S h .  d y s e n t e r i a e  2, S h .  f l e x n e r i  and 
S h .  s o n n e i ,  killed by heating during an hour, were used for intranasal inoculation in the third 
group of experiments.
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Bacteriological exam ination (as described in our paper of 1957) were perform ed in th e  
first two groups im m ediately after inoculation and then 24 and 48 hours later. At least 5 m ice  
per series at each interval were used for this purpose. Iso lation  of bacteria was perform ed at  
0, 3, 6, 9, 12 and 18 hours in supplem entary experim ents. A total of 334 mice were used for 
qu an tita tive  bacteriological exam inations.

H istological sections were prepared from 453 m ice and contact preparations from  146 
further anim als. The mice were killed after 15 m inutes and 1, 2, 3, 6, 24 and 48 hours respec
t iv e ly  by m eans of air em bolism ; in m ost series exam inations were also performed at later peri
ods (up to 20 days). Sections were stained with haem atoxylin -eosin , carbolthionine and Gold- 
m an’s Sudan alphanaphthoi. Smears were first fixed in m ethylalcohol and stained after R om a
no w sky— Giemsa.

1. Intranasal inoculation o f  mice with l iv ing Shigella strains

Mice infected w ith Sh. dysenteriae  appeared drow sy for the first hours after anaesth esia  
b u t behaved norm ally thereafter. Only 4 out of a to ta l o f 100 anim als died w ithin t he n ext  
3 days.

Infection  w ith other strains of Shigella had a more serious effect. In a series o f 1 13 anim als 
in fected  w ith  Sh. sonnei , the first death occurred after 7 hours, and m ortality rose to 83.3 per 
cen t by the end of the first day. In a series o f 178 m ice in fected  w ith Sh. flexneri,  17 per cent 
died on the first day, and 68.7 per cent o f the rest on the second. No more deaths occurred  
thereafter.

B acteriological results are assem bled in Table 1. T h ey  display differences betw een  
various Shigella strains as regards growth in pulm onary tissu e of animals.

Table I

N um ber ( in  mi'lions) o f  Shige la bacilli in mouse lungs at different times following infection
(Mean values in brackets)

After 24 hours After 48 hours

Strain
Isolated alter 

10 to 15 
minutes Animals

killed
Animals
perished

Animals
killed

Animals
perished

Sh. dys. 2 ............

Sh. sonnei .........

1.2— 12.4
(7.2)

2.0— 6.8 
(4.6)

0.03— 1.0
(0.3)

123.0— 516.0
(237.1)

(0.04)

82.0— 9460.0
(2398.6)

0,004— 0,1
(0.04)

0 ,04— 0.07
(0.06)

Sh. boydii 1 . . . . 1.6— 11.5
(5.5)

21.0— 387.5
(185.8)

200.0— 300.0  
(263.6)

4.8 8.0— 400.0
(58.2)

Sh. flexneri 2a . . to И 0.3— 222.0
(55.5)

35.6— 298.0
(105.9)

0.07— 2.0
(1.0)

1.4— 253.0
(33.7)

Sh. flexneri 6 . . . 2.0— 4.0 
(3.2)

2.0— 65.0
(14.3)

29.6 0.007— 0.4
(0.004)

0.2— 44.9
(1.3)

Isolations from the lung of mice infected w ith  h igh ly  pathogenic Kruse—Sonne bacteria  
and sacrificed w ithin 24 hours, always gave approxim ately  uniform results, w hile rates of 
proliferation of other strains known to be viable in pu lm onary tissue, seemed to vary  from  
anim al to anim al. The greatest fluctuations in this respect were observed in the case o f  Sh. 
flexneri. Microscopy dem onstrated these features w ith  great emphasis.

Shigella bacilli are clearly visible in the azure-eosin or thionine-stained preparations. 
M ost of them  had invaded the pulmonary alveoli and only  som e organisms rem ained on the  
m ucosal surface of the trachea and bronchi. They had a len gth  of 2.0 to 2.5 / 1; lengths of 4 to 
5 // were rare, and bacteria o f such size were generally constricted in the m iddle. (Shigella  
bacilli the contact preparations were nearly double th at size, their structural details being more 
apparent; these are outside the scope of this presentation .)

The inoculated organism s were not even ly  d istr ibu ted  w ithin the lung. M ost o f them  
seem ed to have settled  in the alveolar ducts. B acterial counts were higher in the ap ical cranial

4  Acta Morphologica XI/4.
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parts o f lungs: 73 to 98 organism s per 100 alveoli aga inst 22 to 42 in the basal lobes. Organ
ism s were scattered sing ly  over alveolar walls, w hile som e of them  formed sm all groups of 3 
to 10 bacilli. These accum ulations showed no regular pattern .

A lthough the in itia l in the lungs of mice were uniform  in various series, th is un iform ity  
soon  ceased to be apparent. Observations are therefore referred to each of the m ain groups.

2. Inoculation with Sh dysenteriae  2

One of the earliest signs of the general response to  intrapulmonary Shigella  infection  
w as found to be secretion b y  the respiratory ep ithelium . This was not alw ays su ffic ien tly  
vigorous to rem ove all bacilli from the trachea and the bronchial tree.

A lveoli are know n to contain cells, capable  o f assum ing phagocytosis w hich have an 
im portant protective fun ction . It was observed b y  G. I. I l y in  in our laboratory th at more 
th a n  90 per cent o f stap hylococci introduced in tranasa lly  to  mice were engulfed by the alveolar  
p h agocytes w ithin a few  hours. These phagocytes proved less active against Sh. dysenteriae , 
no m ore than 10 to 30 per cent of the bacteria being ingested during the first hours.

On fixation  of pulm onary tissue by a specia l m ethod  (boiling), the appearance of a 
fa in tly  staining flu id  can be observed around arteries and in some of the alveoli w ith in  15 to  
60 m inutes follow ing inoculation . This fluid does not represent broth introduced w ith  the  
inocu lum  as it is also seen if  organisms were suspended in saline.

T his serous flu id  (w hich evidently contains the non-specific immune substances o f the  
blood plasm a) produces no significant effect on Shigella . The number of organism s in  the  
alveoli m ay even rise after the lapse of 2 to 3 hours (F ig . 1), mitoses becom ing m ore frequent 
b y  th a t tim e.

A ccum ulation of polym orph nuclear leu cocytes first around the bronchi and then in 
the alveolar capillaries, begins at the same tim e. The cellular response is slight during the first 
hour follow ing inoculation  to become pronounced w ith in  two hours (F ig. 2). The leu co
cy tes occupy the lum en of sm all blood vessels a t first; later  on by the 3 hour th ey  escape from  
the blood-stream  and seem  to  coat the inner surface o f the alveoli. Since the vo lum e of exudate  
is u sually  sm all even at a later stage of the exten ding  in flam m atory reaction, alveolar leuco
cy tes are seen m ostly about the walls. Hereupon, som e of the alveoli collapse, w hile others becom e 
com pletely  filled w ith  granular leucocytes (F ig. 3), fin d  access to the bronchi as w ell, though  
b u t in  small numbers oil the first day.

As soon as th ey  appear in  the alveoli, polym orphonuclear leucocytes begin to  ingest the  
Shigellae. A few  leu cocytes, containing Shigellae in  their cytoplasm , could be seen in lung 
sections or contact preparations as early as 2 to 3 hours after inoculation, and nearly all o f the  
pathogens were found to  have  been ingested by leu co cy tes (and partly by m acrophages) by  
th e  6 th  or 9th hour. A lthou gh  each polym orphonuclear is capable of phagocytizing 30 or more 
bacilli, th ey  usually  conta ined  but a few bacteria. A t first, phagocyted Shigellae appear as 
short (som etim es long) rods staining bright by the 9th hour some of them  retain  their original 
shape but they take the dye w eakly so that it  is qu ite  d ifficu lt to distinguish them . Scattered  
debris o f Shigellae were frequently  observed in the cytop lasm  of the leucocytes, their nucleus 
becam e considerably deform ed with digestion of the invaders.

W hile vigorous phagocytosis proceeded successfu lly  som e of the invaders escaped (F ig. 4), 
rem aining free to from  m icroscopic colonies com posed o f a few dozen short coccus-like rods. 
B y  the end of the first day. however, bacterial counts had decreased sign ifican tly , so that 
lung sections and contact preparations usually contained  ju st a few microbial fragm ents after 
another 24 hours. M ost o f the occasional Shigellae persisting in the bronchi, were elim inated  
w ith  the products o f  th e  epithelia l secretion. I f  any escaped , they never failed to be ingested  
b y  leucocytes.

In a single case on ly , in a mouse, killed 24 hours after inoculation, were Shigella bacilli 
found inside a few epithelia l cells in the bronchi filled  w ith  polymorphonuclears. In sp ite  o f their 
conta in ing  1 to 5 w ell-sta in ing dysentery bacteria in  th e  cytoplasm , these ep ithelia l cells 
show ed no signs of dam age.

Pathologic changes, accom panying the destruction  o f Sh. dys. 2 bacteria were ev id en tly  
due to release of endotoxin . Perivascular oedem a and haemorrhages about certain branches 
of the pulm onary artery appeared as early as the 2nd hour follow ing inoculation. H aem orrhages 
in vo lv in g  a few alveoli were only found in som e m ice. Spastic contraction o f sm all arteries 
accom panying bronchioles was observed frequently thou gh  not regularly.

W hen considered together, all these pathologic phenom ena, described as happening in 
th e  lung of Sh. dys.  2-infected  m ice, are characteristic o f pneum onia. This pneum onia, largely  
focal, is m ost conspicuous in  the upper and m iddle portions of the lung, i. e. in those areas 
w hich are selectively colonized by organisms introduced intranasally. The disease reaches its



Fig. 7. Free Sh. dysenteriae 2 in the alveoli o f a m ouse killed 3 hrs after inoculation. T hion in e.
X 120

Fig. 2.  A ccum ulation of polym orphonuclear leu cocytes (sta in ing dark) around the bronchi, 
arteries and alveolar areas, 2 hrs after infection. O xidase reaction. Goldman’s-Sudan alpha-

naphthol. X 100
Fig. 3. Accum ulation of leu cocytes in the alveoli and bronchi, 9 hrs after inoculation w ith  Sh.

dysenteriae 2. G oldm an’s dye. X 100
Fig. 4. Free and phagocyted Sh. dysenteriae 2  in leu cocytic  exudate filling alveoli. Thionine*.

X 1330
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c lim ax  b y  the end of the first or second day, w hen it is o ften  accompanied by rather w idespread  
a te lecta s is . E lim ination  of the exudate through the bronchi, the rest being d isposed of by  
m acrophages, has been show n to commence at the sam e tim e.

The pulm onary tissue of m ost animals killed on the 5th to 7th day o f the experi
m en t presented a practically  normal picture. O nly sm all groups of macrophages abou t alveolar  
d u cts  and accum ulation o f round cells about som e arteries and veines betrayed the p ath olog ic  
processes th at had occurred here. In the atelecta tic  areas alveoli were observed to  d istend , 
gradually  becom ing airfiiled.

I t  is only natural th a t the body, as a w hole never fails to participate in  th e  processes 
occurring in  the lungs o f infected  mice. This is m an ifested  morphologically as m oderate general 
leu co cy to sis, revealed b y  leucocyte counts in the capillaries o f the liver, k idneys and m yocar
dium . The num ber of polym orphonuclear leu cocytes in  the myocardium and the renal glom eruli 
rises to  one-and-a half or tw ice its original va lue b y  th e  third hour after in fection , and either  
rem ains at th is level or returns to normal. L eucocytosis is more and steadily pronounced in the

Fig.  5. Sh. dys. 2 bacteria contained in m ouse lungs at different times after in fection . Circles 
in d ica te  num ber of m icrobes in the lung. C ontinuous line indicates logarithm ic m ean va lue  at 
a g iv en  tim e of the experim ent. D otted  line ind icates the rate o f proliferation for a g iven  m icrobe

in broth culture

liver: the num ber of w hite cells goes up to 5 to 7 tim es its  in  controls within 3 hours and rem ains  
at th is  level. A t the sam e tim e disintegration of ly m p h o id  elements occurred in  ly m p h  nodes, 
sp leen  and thym us. Its cortex becam e practically  ex h a u sted  by the 24th or 48 th  hour.

In  other series o f experim ents, repeated cu ltures succeeded in recovering dysen tery  
bacilli from  splenic tissue and blood, dem onstrating th a t som e of the pathogenes had been able  
to  spread beyond pulm onary tissue. H owever, we fa iled  to find any bacilli in h isto log ica l pre
p arations or sections from  various organs, or even  in  m ediastinal lym ph nodes. H ow ever, we 
did  observe the accum ulation of granular leu cocytes in  the distended sinuses o f lym p h  nodes  
situ a ted  about the hilus o f the lung. This phenom enon, as well as system ic leu co cy to sis and  
d isin tegration  of lym phoid  tissue, seem  to be due m ain ly  to absorption of antigens of a to x ic  
nature released by the break down of dysentery b acilli in  the lungs.

These experim ental results have confirm ed our earlier conclusion th at strains o f Sh. 
d ys. 2 do not cause a progressive infectious process in  the lung of white m ice. N everth eless, 
m orphological observations have shown that these  organism s are able to proliferate in  pu lm o
nary tissue: they  are unable however, to resist the defence reaction, which sets in soon after  
in ocu la tion . Such considerations induced us to m ake additional bacteriological exam in ation s  
w ith  a v iew  to stu dying  the in itial phases o f in fection . S ix ty  mice were infected  as described  
a b o v e . The results o f iso lations performed during th e  first 18 hours, are shown in F ig. 5. 
I t  can be seen that th ey  are in perfect harm ony w ith  the results of morphological observations. 
T he am ount of Shigellae in the lungs was generally  higher at 3 hours than at the beginning o f  
th e  experim ents. The slower rate bacterial m ultip lication  in vivo than in  v itro  is due to th e
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a ctiv ity  o f phagocytes shown to occur in the alveoli at th is stage. The number o f  organism s 
decreased when a more effective leucocyte reaction  w as developing in the lung. It should  
he noted that the rate o f bacterial m ultiplication was suppressed earlier in occasional anim ais. 
This seem s to correlate to individual in tensity  o f  the response as noted in our h isto logical 
investigations.

3. Infection induced by Sh. sonnei (S  f o r m ) ,  Sh. flexneri 2a, Sh. f lexneri 6
and Sh. boydii  1

During the in itial phase of these experim ents, the appearance of pulm onary tissue was 
essentia lly  sim ilar to that o f mice infected w ith Sh. dys. 2  Alveolar phagocytes, how ever, were 
still less active  in these cases, so that even ph agocytosis o f single bacilli seemed to be very  rare. 
Accordingly, th ey  could grow alm ost w ithout hindrance during the first hours. In the case o fS /i. 
sonnei infection , for instance, the total num ber of pathogens was 600 in 100 alveoli tw o  hours 
after inoculation , i. e. 6 to 7 tim es more than im m ed ia te ly  after the inoculation. Som e alveoli 
had becom e alm ost com pletely  filled w ith the pathogens by the 6th to 9th hour (F ig . 6). The 
animal had not given up its defence, of course. The sam e pattern of leucocyte response to  
intrapulm onary inoculation  was displayed, no less (in fact, at first even som ew h at more 
vigorously) than in the case of Sh. dys. 2 infection (F ig. 7). In contrast to m acrophages, leu co
cytes released in to alveoli did their best to engulf a considerable amount of the invad ers, as 
can be seen in Figs. 8. and 9.

M ost o f the phagocytized organisms were ev id en tly  doom ed to destruction. W e saw  them  
to becom e gradually sm aller, seem ing to shrink and, som etim es, to get trapped in to  vacuoles. 
On the other hand, we observed also som e m arkedly deformed polym orphonuclear leu co
cytes that were com pletely engorged w ith bacilli. T his suggests the possibility o f d ysen tery  
bacilli being capable o f survival and proliferation in certain disintegrating ph agocytes. After  
their destruction , baciUi m ay escape, presum ably to be ingested by other leu cocytes. In a 
num ber o f cases, however, alveoli did not contain an adequate number of leu cocytes, so that 
m ost o f the Sigella bacilli rem ained free. Such an insu ffic ien cy  of the leucocyte reaction ap
peared to be particularly marked in the case o f infections w ith  a highly pathogenic Sh. sonnei 
strain. The rate at w hich the polym orphonuclear leu cocytes emerged from the b lood  vessels 
was very slow at the onset o f these experim ents. S till, after 6 to 9 hours, part o f th e  a lveoli, 
filled w ith  serous flu id , contained a considerable am ount of granular leucocytes (F ig . 10). 
While m ost o f the invaders had been phagocytized in such alveoli, there were others (som etim es  
adjacent ones) which were alm ost com pletely devoid  of leucocytes and in w hich bacterial 
growth was unim peded. A t a later stage, the supply  o f leucocytes to the lung o f m ost anim als 
was found to cease alm ost entirely. Leucocytes th a t had m igrated into the alveoli earlier and  
done their duty  there, disintegrated w ithout being replaced. There were com paratively  few  
leucocytes in the capillaries, they were practically  absent in the oedem atous perivascu lar  
spaces and in the bronchi. Only along the margins o f the strongly  dilated arteries were granular 
leucocytes som etim es to be seen. (Fig. 11.) In these very  anim als bacterial m ultip lication  in the  
pulm onary alveoli was particularly intensive (F igs. 12, 13). It should he noted that the occasion
ally scattered leucocytes were still in possession of their phagocytic ability and m anaged to 
clear som e alveoli more or less successfully.

Bacteriological analyses were also m ade at short in tervals in this group of experim en ts. 
Their results, illustrated in Fig. 14, conform to m orphologic data.

O wing to the in itial absence of alveolar p h agocytes, bacteria of the Sh. sonnei  (in con
trast to Sh. dys.  2.) strain m ultiplied at the sam e rate in v ivo  as in vitro at first. T he in -v ivo  
rate becam e graduaUy slower along w ith the developm ent of leucocyte response. (M orpholo
gical evidence showed the latter to have reached its peak at 6 to 9 hours fo llow ing in fec
tion.) R educed rate did not, of course, mean the cessation  of growth: at this stage, h isto logical 
preparations revealed Shigella colonies filling occasional alveoli. The balance betw een  natural 
reproduction of bacilli and their death by phagocytosis still tended to favour the h ost. Later, 
with suppression of the leucocyte reaction, the d iscrepancy between curves o f in -v itro  and  
in-vivo proliferation was reduced once more.

As can be seen from  Fig. 14, deficiency o f the host’s defence m anifested itse lf  sooner 
(as 12 h. as early) in som e, and later in other anim als. E ventually , however, nearly all o f the  
anim als died in this group of experim ents. Individual degrees of reactivity m ade essential 
differences in results when infection had been caused by Sh. flexneri 2a, Sh. f lexn er i  6 and Sh. 
boydii , or a less pathologenic strain of Sh. sonnei. In som e o f the mice, the rate at w h ich  leuco
cytes were em erging from the blood vessels seem ed to increase steadily, so th a t hardly any  
organism s escaped phagocytosis and were found in the exudate-filled alveoli 24 to 48 hours 
after inoculation . In other anim als depression of the leucocytic reaction occurred resu lting in



Fig. 6. Sh. sonnei bacilli in pulm onary alveoli, 9 hrs after infection. Azure-eosin. X 900 
Fig. 7. Leucocyte reaction in the lung, 3 hrs after inoculation w ith Sh. f lexneri  2s. Goldm an’s dye. X 100 

Fig. 8. Leucocytes filled w ith Sh. f lexneri 2a in the alveoli, 6 hrs after infection. Azure-eosin. X 2000
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Fig. 9. P hagocytosis o f Sh. somiéi  bacilli by polym orphonuclear leucocytes. B eside, macro
phage with uncertain, pale inclusion bodies in the cytoplasm . Rom anow sky— G ieinsa. X 1700- 
Fig. 10. Leucocyte reaction in lung, 9 hrs after inoculation w ith Sh. sonnei. G oldm an’s stain.

X 100
Fig. 11. Some disintegrating leucocytes in the dilated pulm onary arteries, 21- hrs after inocula
tion with Sh. sonnei; also m arginally situated  leucocytes are visible. P erivascu lar oedem a.

G oldm an’s stain. X 100
Fig. 12. A lveoli filled w ith Sh. sonnei. N ote upper m iddle part of picture: the num ber of mi
crobes is less on account of the presence of leucocytes. Mouse killed 24 hrs after inoculation.

Azure-eosin. X 950
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unrestrained microbial proliferation . This will explain the great variations (especially striking 
in th e  experim ents w ith  S. f lex n er i  2a) in the num ber o f bacteria recovered from the lung 24 
hours after infection, as seen  in  Table 1.

Although the bulk o f  intranasally  introduced Shigella  bacilli settle in the pulm onary  
a lv eo li, these are not the o n ly  site  to support growth. B acteria l proliferation has been shown 
to  occur within the ep ith elia l cells o f the mucous m em branes of bronchi and bronchioles. 
W hile this phenomenon w as n o ted  in a single anim al inocu lated  w ith Sh. d y s .2 , it  occurred in 
th e  m ajority of anim als k illed  2 to  24 hours after having been  inoculated w ith Sh. flexneri,  Sh. 
sonnei , or boydii.

Organisms observed in  th e  cytoplasm  of ep ithelial cells appeared to be perfectly viable, 
m ito tic  forms being found am ong them  (Fig. 15). The a ffected  epithelial cells seemed to resist 
destruction for a long tim e: their nucleus frequently retained  its normal shape even when

Fig. 13. Great m asses o f Sh. sonnei  in Klatsch preparation m ade from the lung of mouse 
sacrificed 24 hrs after infection. R om anow sky— Giemsa. X 2200

th e  cytoplasm  had been crow ded w ith growing organism s (F ig . 16). N evertheless, the ultim ate  
fa te  o f  such cells was destruction , th e y  gradually d isin tegrated and were replaced by polym orpho
nuclear leucocytes. In som e an im als, killed at 48 to 72 hours, epithelial regeneration seem ed to 
ha v e  taken place over com p a ra tiv e ly  large areas of the bronchial m ucosa, while only a lim ited  
num ber of epithelial cells seem ed  to have suffered dam age in  m ost cases.

Only in cases when v ery  in ten sive  intraalveolar m icrobial proliferation occurred in dying  
or sacrificed mice, would grow th  o f Shigella bacilli also be observed in the expended perivas
cular areas. In such cases, branches of the pulm onary artery were som etim es enclosed by 
m asses formed of Shigella co lon ies, while the regional pu lm onary lym ph nodes contained only  
a few  occasional bacteria.

Pulm onary changes caused  by Shigella infection  w ere, thus, very variable in this 
group of experiments. P neum onia  (focal or diffuse) also a ffected  the upper and dorsal parts of 
th e  lung m ost in this group (th e  le ft lung was usually in v o lv ed  more; in advanced and lethal 
cases, however, in flam m atory oedem a was seen to have  spread to all parts. W e observed no 
fibrin ous deposits but freq u en tly  saw  a few erythrocytes in the serous flu id  w ithin alveoli. 
M assiv  haemorrhages occurred in  th e  oedematous perivascu lar areas.

Outside the lung, m orphological changes occurred in lym p h  nodes, spleen and especially  
in  th e  thym us, where m arked breakdow n of cellular e lem en ts was seen. Leucocyte counts in  
capillaries of the inner organs, show ed that during the first hours leucocytosis was more in ten 
siv e  th a n  in infections w ith  Sh. dys. 2; however, subsequently th e  number of w hite cells dropped 
a lm o st to  a normal level even  w h en  the local reaction was effective  in the lungs.



Fig. 14. Sh. sonnei bacilli contained in mouse lunge at different tim es after infection. For notations see Fig. 5.
Fig. 15. Sh. f lexneri 2a in the bronchial epithelium , 6 hrs after inoculation. Azure-eosin. X 2200 

Fig. 16. Proliferation of Sh. sonnei in epithelial cells w ith intact nucleus, 9 hrs after infection. Thionine. X 1400
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4. Intranasal infection with k illed dysentery bacilli

I t  is known th a t certain m icro-organism s (e. g.  the  pathogens of gas gangrene) produce 
su b sta n ces opposing the defence reactions of the h ost, th e  emigration of leucocytes in particular. 
T h e Sh igella  strains under consideration do not produce exotoxin;* it  is possible how ever, that 
in a c t iv ity  o f alveolar phagocytes and the frequently  observed suppression of leu cocyte  reaction  
m ig h t be due to an endotoxin  released by bacterial disintegration. This assum ption seem s to be 
corroborated by the fact th at Sh. dys.  2 , a strain incapable of growing in the lung o f mice, is 
less to x ic  than Sh. sonnei  or f lexneri.  True, the la tter  strains lose their facu lty  o f proliferating in 
pu lm on ary  tissue after long storage, while retain ing their toxicity. It w ould have been wrong 
to  com pare the to x ic ity  of the different Shigella strains on the evidence of our present experi
m en ts, since their quantities were subject to changes soon after having been introduced into 
te st  anim als. Therefore, we studied the effect o f  equal amounts of intranasally  introduced  
Sh. dys.  2, Sh. sonnei and Sh. f lexner i  organism s k illed  by heating at 58 to 60° C.

To mice tolerated inoculation  of 5 m illion (according to the International Standard for 
O p a c ity ) killed Shigella germ s (suspended in broth  or saline) quite well. L eucocytes were seen 
to  m igrate  into the alveoli, accum ulating considerably w ithin an hour or two in all experim ents 
o f  th is  group. Leucocyte response usually reached its peak at 24 hours, and the alveoli soon 
b eca m e clear of the exudate. In ten sity  of the reaction  seemed to vary in ind iv idu al anim als, 
b u t repeated  experim ents failed to reveal any correlation between the strength  of reaction  
an d  th e  type of vaccines.

W e proceeded to stu dy  vaccines which conta ined  a thousand m illion germ s per 0.05 
ccm ; i. e. the dose adm inistered to the anim als. Such a dose was approxim ately equivalent 
to  m ax im al am ounts o f bacilli in the lungs of m ice follow ing Sh. sonnei  inoculation . I t  proved 
to  be fa ta l for part of the anim als, strains of Sh. sonnei  and Sh. flexneri appearing to be more 
to x ic  th an  those of Sh. dys 2 (Table 2).

Table 2

M o r ta l i ty  o f  mice after intranasal administration o f  a thousand million killed Sh. bacilli

Strain
Percentage mortality after

24 hrs 48 hrs 72 hrs

Sh. dys. 2 .......................... — 6.0 2.1
Sh. sonnei ........................ — J 4.3 27.5

Sh. flexneri 2 a ................. — 17.0 34.0

Local reaction to such quantities of an tigen  was very strong. P erivascular oedema 
d ev e lo p ed  alm ost im m ediately  and was prom ptly fo llow ed by perivascular haem orrhage, after 
w h ich  polym orphonuclear leucocytes accum ulated at a rapid rate in the pulm onary capilla
r ies. T h ey  entered som e alveoli w ithin 3 hours and focal pneumonia had developed  by the 
2 4 th  hour in the m ajority of the anim als (Fig. 17). Serous exudate was com paratively  scarce, 
b u t th e  alveoli were being filled  w ith leucocytes up to  the end of the second day. T his marked 
th e  on set o f clearing of pulm onary tissue, a process which often lasted 10 to 20 days. No 
in ju ry  affected epithelium  of respiratory passages.

Apart from inevitab le individual features o f  pathology reactions evoked  b y  different 
ty p e s  o f killed dysentery bacilli also seemed to be essentia lly  similar in these cases. The leuco
c y te  responses to vaccines prepared from Sh. f lex n er i  and Sh. sonnei were even  m ore pro
n ou n ced  and protracted than to vaccines prepared from an equal num ber o f Sh. dys. 2 
organism s. The m ost essential observation was th a t  emigration of leucocytes was not found  
to have been inhibited in any o f  the cases. Even th e  pulm onary alveoli o f anim als w hich had 
su ccum b ed  were densely filled  w ith  cellular exu d ate  (F ig. 18).

Since heat-killed bacteria show weaker sta in in g  reactions than viable organism s, it was 
im p ossib le  to observe their fa te  on inoculation in to  m ice. Their phagocytosis b y  polym orpho
nu clear  leucocytes was h ighest between the 6th  and 24th  hour. Alveolar phagocytes also were

* There being no exotoxin-producing Sh. shigae dys.  in the Soviet U nion at present, we 
h a v e  been unable to obtain  any fresh cultures o f  th e  strain.
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Fig. 17. Accum ulation of granular leucocytes in a lveoli, 24 hrs after inoculation w ith  a thousand  
million Sh. sonnei  bacilli. G oldm an’s stain. X 100 

Fig. 18. Pneum onic foci w ith  leucocytic  exudate in lung of mouse which died 48 hrs after 
infection w ith a thousand m illion S h .f lexneri  2a  bacilli. Goldm an’s stain . X 50

ev id en tly  fairly active in these experim ents, although their activity was incom parably weaker 
than  in infections w ith staphylococci ( I l y n , 1957) or II. pertussis (Vo in o -Y a s e n e t s k y  and 
K h a i , 1960).

D iscussion

T he resu lts  of th e se  in v es tig a tio n s  p rov ide  answ ers to  th e  p rob lem s 
o u tlin e d  in th e  in tro d u c to ry  p a r t  o f th is  p re sen ta tio n .

In tra n a s a l a d m in is tra tio n  of re la tiv e ly  sm all am oun ts o f Shigella  bacilli 
to  m ice induces a pa th o lo g ic  process w hich , on the  evidence o f its  loca liza tio n  
an d  m orphological m a n ife s ta tio n s , m ay  be regarded  as p n e u m o n ia . The 
in f la m m a to ry  reac tion , o ccu rrin g  in  th e  lungs or in testines, in a c u te  d y se n te ry  
o f  h u m an s lacks any  p a r t ic u la r  sp ec ific ity ; y e t, certa in  p a th o lo g ic  fea tu re s , 
p ecu lia r to  th e  n a tu ra l d isease , as oedem a or red  blood cell d iap ed esis , have  
also  been  observed in th e se  ex p erim en ts .

I t  is a sign ifican t fa c t, th a t  in in o c u la te d  an im als the  activ  i ty  o f  d y se n te ry  
b ac illi is fa irly  s tr ic tly  lim ite d  to  p u lm o n a ry  tissue. As a m a t te r  o f  fac t, 
b a c te ra e m ia  has been observed  in  ce rta in  in stan ces, b u t u su a lly  o f  a m ild 
deg ree  an d  never re su ltin g  in th e  d e v e lo p m en t of m e ta s ta tic  foci o r general 
sepsis. I t  follows th a t ,  b y  m eans o f q u a n ti ta t iv e  bac te rio log ical a ssay , the  
r a te  o f m icrobial p ro life ra tio n  an d  d is in te g ra tio n  in p u lm o n a ry  tissu e  m ay  be



4 5 2 М. V. VOINO-YASENETSKY and M. K. VOINO-YASENETSKAYA

d e te rm in e d  w ith  su ffic ien t a ccu racy  a t an y  s ta g e . T h e  p a r tic u la r  s tru c tu re  o f 
p u lm o n a ry  tissue m akes i t  especially  su itab le  fo r m orpho log ic  in v es tig a tio n  of 
p ro cesses  involv ing  d ire c t in te ra c tio n  b e tw een  in v a d in g  organism s, an d  h o s t.

E n h an ced  sec re tio n  b y  th e  bronch ial e p ith e liu m  is one of th e  ea rlie s t 
r e a c tio n s  to  th e  in tro d u c tio n  o f Shigella bacilli. T h is response, how ever, is of 
n o  g re a t  significance (a lth o u g h  i t  co n trib u tes  to  c lea rin g  th e  airw ays of fo re ign  
p a r tic le s ) , as m ost o f th e  o rg an ism s invade th e  a lveo li, r a th e r  th a n  th e  b ro n c h ia l 
t r e e .  A n o th e r early  re a c tio n  is th e  ap p earan ce  o f a serous flu id  in  th e  a lveo li. 
A lth o u g h  th e  flu id  c o n ta in s  p lasm a p ro te in s  a p p a re n t ly  involved  in  defence 
a c t iv i ty ,  th e y  ex ert no e ffec t on th e  Shigella bac illi. On th e  co n tra ry : i t  is th e  
se ro u s  flu id  w hich seem s to  p ro v id e  a fav o u rab le  m ed iu m  for the  in v ad e rs , an d  
w h e re  b ac te ria l p ro life ra tio n  se ts  in  p ro m p tly .

F a c ts  o b ta in ed  in  th e  course of our e x p e rim e n ts , are  in  good h a rm o n y  
w ith  observa tions m ad e  b y  Avdeyeva (p erso n a l co m m unica tion ) w ho fo u n d  
t h a t  g ro w th  of d y se n te ry  b ac illi could be s u p p o r te d  b y  sera of d y se n te ry  
p a t ie n ts ,  as well as b y  n o rm a l hum an  serum .

P a th o g en s  of d y s e n te ry  are  able to  su rv iv e  a n d  m u ltip ly  in th e  c y to p la sm  
o f e p ith e lia l cells lin ing  th e  tra c h e a  and b ro n c h i o f m ice. P en e tra tio n  of th e se  
ce lls , lack in g  an y  p h a g o c y tic a l po tency  m u st be  d u e  to  ac tiv e  invasion . I n t r a 
c e llu la r  parasitism  o f th is  k in d  plays no im p o r ta n t  p a r t  in  th e  dev e lo p m en t of 
in fe c tio n , following in t r a n a s a l  inocu lation . —  A cco rd in g  to  Piéchaud, StURM- 
R ubinstein and P iéchaud (1958), b a c te r ia l p ro life ra tio n  occurs m a in ly  
w ith in  ep ithe lia l cells in  cases of dysen te ric  k e ra to c o n ju n c tiv itis . I t  m ig h t 
seem  h igh ly  te m p tin g  to  a t t r ib u te  certa in  p e c u lia ritie s  in  th e  pa thogenesis  of 
h u m a n  d y sen te ry  to  in tra c e llu la r  grow th of th e  bac illi. E vidence  to  th is  effec t, 
h o w e v e r  has n o t been  co n c lu siv e  yet.

T he la s t of ou r th re e  q u estio n s is th e  m o st d iff ic u lt to  answ er: indeed , w h y  
a re  som e types of S h igellae  capab le  of g row ing  in  th e  lungs of m ice, w hile 
o th e r s  are  no t. O ur in v e s tig a tio n s  show all S h igella  s tra in s  to  be p o te n tia lly  
c a p a b le  of p ro life ra tion  in  alveoli and e p ith e lia l cells, while no t all p ro v e  
e q u a lly  able to  overcom e th e  h o s t’s defence. T h is biologic p ro p e rty  o f th e  
b a c illi, revealed  b y  a n im a l ex p e rim en ta tio n , is su re ly  im p o rta n t in  th e  
c a u sa tio n  of d y sen te ry . A lth o u g h  its u n d erly in g  n a tu re  is n o t clear, s ig n ifican t 
f e a tu re s  have been d isc losed .

A  general su rv ey  o f  th e  p a tte rn  of d e v e lo p m e n t of th e  infectious p rocess 
u n d e r  ex p erim en ta l c o n d itio n s  m akes i t  e v id e n t t h a t  th e  fa te  of d iffe ren t 
S h ig e llae  in  th e  lung  o f m ice  assum ed a d iffe ren t course  a t  th e  very  onset. Sh. 
so n n e i, Sh. fle xn er i a n d  S h . boydii 1 o rgan ism s fa iled  to  induce th e  a c t iv i ty  
o f  a lv eo la r ph ag o cy tes , k n o w n  to  be effective scav en g ers  of th e  alveoli. In  
f a c t ,  m acrophages w ere n o t  ab le  to  clear a lveo li o f  Sh. dys. 2 b ac te ria  e ith e r , 
b u t  th e y  destroyed  a t  le a s t p a r t  o f the  in v ad ers  a n d  p re v e n te d  th e ir  m u ltip lic a 
tio n  to  a considerab le e x te n t .  T hus, the n u m b e r  o f organism s p resen t in  th e
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lungs b y  th e  tim e  th e  n e x t phase of th e  p rocess, i. e. leucocyte re sp o n se , h a d  
se t in , v a ried  acco rd ing  to  th e  ty p e  of th e  c a u sa tiv e  agen t.

T he in te ra c tio n  b e tw een  th e  in v ad ers  a n d  th e  em igrating  le u c o c y te s  
p roved  to  be m ore in tr ic a te . W hile all th e  s tra in s  used in our e x p e rim e n ts  
seem ed to  be accessible for th e  leucocytes, th e  s tr a in  Sh. dys. 2 was p h a g o c y tiz e d  
m ost effectively . A lth o u g h  m ost of the  m em b ers  o f o th e r s tra in s h a d  b een  
d e s tro y e d  by  th e  72nd  h o u r of th e  e x p e rim e n ts , leucocy te  a c tiv ity  w as n o t 
a lw ays effic ien t in  su p p ressin g  pro lifera tion  o f bacilli. Leucocytes p a r t ic ip a tin g  
in  d e s tru c tio n  of th e  in g ested  invaders, u n d e rw e n t d e te rio ra tio n , b u t  w ere 
rep laced  by  fresh  cells. H ow ever, rep lacem en t o f  rap id ly  p ro life ra tin g  b ac illi 
o ccu rred  also. D ev e lo p m en t of th e  in fectious p rocess depended  on th e  o u tc o m e  
o f th e  race  be tw een  new ly  appearing  leucocy tes a n d  Shigellae.

I t  follows th a t  th e  m ore p ronounced  th e  in f la m m a to ry  reac tio n , i. e. th e  
accu m u la tio n  of leucocy tic  ex u d a te  in  th e  alveo li, th e  s tro n g er is th e  re s is ta n c e  
o f  th e  h o st. A lth o u g h  som e anim als succum b to  m assiv e pneum onia on a c c o u n t 
o f re sp ira to ry  fa ilu re , d e a th  is usually  due to  th e  effect of endo tox in , re le a se d  
by  p h ag o cy tized  b a c te r ia . N evertheless, o n ly  th e  h o s t’s response p h a g o c y tic  
a c tiv ity  o f leucocy tes in th e  firs t place, w as sh o w n  to  a rre s t the  progress o f  th e  
d isease.

E x p e rim en ts  w ith  m o d era te ly  p a th o g en ic  b a c te r ia , e. g. Sh. J lexn eri 2a, 
a re  b e s t su ited  for th e  o bserva tion  of in d iv id u a l d ifferences in  th e  d efen ce  
reac tio n  of th e  h o st. R esu lts  of ex p erim en ts  w ere fa r  from  being u n ifo rm . 
W hile all an im als su rv iv ed  infection  w ith  Sh. dys. 2, nearly  all succum bed  to  a 
h igh ly  path o g en ic  s tra in  o f Sh. sonnei.

I t seem s p ro b ab le  th a t  certa in  m em bers o f  th e  Shigella group are p r o te c t 
ed  a g a in s t m acrophages on account of th e ir  ch em ica l s tru c tu re , or due  to  th e  
secre tio n  of som e su b s ta n c e . The possib ility  o f  ac tiv e  defense of these b a c te r ia  
a g a in s t phag o cy tic  a c t iv i ty  of th e  leucocytes is n o t clear.

I t  w as found  in  o u r experim en ts th a t  th e  po ly m o rp h o n u clear le u c o c y te s  
in  p u lm o n a ry  alveoli re ta in e d  th e ir  p h ag o cy tiz in g  fa c u lty  even in th e  grav est 
p rocesses, as those  in d u ced  by  infection  w ith  S h . sonnei; y e t, w ith  a d v a n c in g  
m icrob ia l p ro life ra tio n , th e  ra te  of th e ir  e m ig ra tio n  from  blood vessels d e 
creased , an d  even  ceased  a lto g e th e r in som e in s ta n c e s . T rue , th e  loss of r e a c t iv i ty  
in  these  cases w as n o t p rin c ip a lly  due to  th e  lo ca l effect o f substances re lea sed  
b y  th e  bacilli, b u t r a th e r  to  those system ic d is tu rb a n c e s  w hich assu m ed  th e  
fo rm  o f “ b a c te ria l sh o ck ” . Som etim es, even i f  th e  course was fav o u rab le  a n d  
th e  leu co cy te  response  q u ite  active , th e re  w ere c e r ta in  alveoli full o f b a c te r ia  
w here leucocy tes w ere a b se n t. This p h enom enon  o f considerab le p a th o g e n e tic  
sign ificance m ay  be in te rp re te d  in d ifferen t w ay s .

I t  is possible ( th o u g h  unproved) th a t  c e r ta in  Shigellae secre te  som e 
su b s ta n c e  (“ agg ressin ” ) w hich inh ib its  the  e m ig ra tio n  of leucocytes. I t  seem s 
m ore p ro b ab le  how ever, th a t  the inv ad ers  b e in g  liv ing  bacilli, th e y  fa il to
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in d u c e  leucocy tes to  em ig ra tio n  o u t o f th e  b lo o d  vessels. T his does n o t  m ean  
to  im p ly  th a t  on ly  dy in g  organism s are  accessib le  to  phagocy tosis , b u t  r a th e r  
t h a t  th e  p resence o f som e p ro d u c ts  of d eco m p o sitio n  is necessary  as a s tim u lu s  
fo r  th e  em ig ra tio n  of leu co cy te . This a s su m p tio n  seem ed to  be c o n firm ed  b y  
o u r  ex p e rim en ts  w ith  k illed  Sh. bacilli. M oreover, Bibiisova (1959) o b serv ed  
p ro n o u n c e d  leucocy tes re a c tio n  in  th e  lu n g s  o f ra ts  a fte r th e  in tr a n a s a l  a d 
m in is tr a t io n  of a com ple te  Sh. f lex n eri a n tig e n . H ow ever, th e se  o b se rv a tio n s  
fa il to  ex p la in  w h y  c e r ta in  Shigellae p ro v e d  to  be m ore h ighly  p a th o g e n ic  fo r 
th e  te s t  an im als th a n  th e  o th ers .

In  conclusion, a n o th e r  fea tu re , w h ich  m a y  be h ighly  s ig n if ican t, has to  
b e  n o te d , can be seen from  th e  curves in  F ig s . 5 and  14 th a t  Sh. d ys 2 a n d  Sh. 
so n n e i cu ltu re s  grew  a t  d iffe re n t ra te s  in  v i t ro  as well as in  th e  lu n g  o f  m ice. 
I n  b r o th  cu ltu res , th e  n u m b e r of Sh. so n n e i bacilli reached  its  p e a k  as ea rly  as 
in  th e  6 th  h o u r follow ing in o cu la tio n , w hile  S h . dys. 2 bacilli req u ired  12 h ours 
u n d e r  th e  sam e e x p e rim e n ta l co n d itions. T h is  fac t has to  be in v e s tig a te d  in 
p a r t ic u la r ,  since th e  o u tco m e o f th e  p a th o lo g ic  process in mice w as fo u n d  to  be 
d e te rm in e d  in  our ex p e rim en ts  b y  th e  h o s t’s response on one h and  an d  b y  th e  
r a t e  a t  w hich  p h ag o cy tized  m icrobes w ere rep laced .*

T h u s in  try in g  to  solve th e  p ro b lem s essen tia l to  th e  p u rp o se  of ou r 
in v e s tig a tio n , we h av e  been  co n fro n ted  b y  new  ones. I t  should  be em p h asized  
o n c e  m ore  th a t  d irec t in te ra c tio n  b e tw een  m icroo rgan ism s and  h o st is d isp lay ed  
in  a h ig h ly  sp ec tacu la r fo rm  in th e  lungs o f  m ice  in fec ted  w ith  d y se n te ry  bacilli. 
A lth o u g h  th e  process is so m ew h at d iffe re n t from  th a t  a ffec ting  in te s tin e s  o f  
h u m a n  p a tie n ts , s till th e se  ex p erim en ts  in  a n im a ls  fu rn ish  som e v a lu a b le  d a ta  
o n  th e  bio logical p ro p e rtie s  of Shigella b ac illi and  on p a tte rn s  o f  defence 
re a c tio n s  of th e  ho st.

* E vidence th at rates o f proliferation m ay v a r y  am ong different m embers of Shigellae 
is supported  by the investigations of V e s e l o v  (1958) who determined the tim e required for 
each  division  of Sh. flexneri and Sh. sonnei bacilli.
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