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Tm.:'ot 81.
.' EXPERIMENTAL CONTRIBUTIONS 70 THE LYWPHATIC PATHOGERESIS OF

: ]
© AITHRAX INFECTIOR. (Transl.frox CeskoslovenskA microbiologie, 1958, 33 No.2,

i

! Pe82«91, Transl,by Claudius P,Maycr,M.D.,Washington,Sept.,1959),

-

é o « 8
i ;
i (From the Microbiological Branch,Biological Institute,Csechoslovakian hcadexmy ¥

of #ciencu,?raha. and the Institute of Clinical and Experimental Surgery,Praba),
i (Received for pubdlication ? Oct,,1957).

'

In reference to the sensitiveness toward anthrax infection by the different

[ I
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path:waya of infection,it has been unanimously .shown in all works that the most sensit-
ive fu the cutaneous entrance, For then\rusonc. BEZREDXA(1926) concluded that the
skini io the organ of anthrax infection and of anthrax immnity, It is hovever knowmn
thaf the anthrax infection can be also provoked in other ways, especlally by injury
of tihe oucosal covers, by the alimentary way and by inhalation( HRU%XA.I%?; SOBERN.
EEI:%.IQSI).

a It was shown that,at the inhalation of the infection, the anthrax microbes do
net ;romain in the lung tissue, but they pass from the lungs into the mediastinal
lymﬁh nodes(BARNES,1947; HENDERSON ,PEACOCK & BELTON,1956; R0SS,1957). A% the astuly

. of t;he cutaneous \mfection.vo have demonstrated(TRTKA ot &l., 1956) that the skia's
sensitiveness depends upon the possidility of the microbes' penetration into the
lycphatic vessels and that with the injection of the spores directly into the lym.
paatic nodes,we ge\ & similar or even increased sensitiveness toward the infection,
Tals actuality is in agreement with the known fact that each intracutaneous injece
tioﬁ of any kind of matter has first of all & lymphatic resorption(HUDACK & McMAS-
TER.leSS; ROWSON & NORGAN,1955), Later, WIDDICOMBE et al,(1956) published a work on

“ the :ilyuphauc pathogenesis of u\thrax.\'rhau authors have fullowed the gquantitative
cnlt;ivauon of an amount of antbrax microbes in the lymph,taken before its entrance
1nto’§ the lyzph nodes and at its passage through the lymph node, and ia this wvay they
ucoirtained the remarkable mltiplication of these nicrobe‘.

’ The object of this work is 'thou to fleepon the knowledge adbout the izportance of
the Elymhntic systen in the pathogenesis of anthrax,and to elucidate the entire dy.
Mnicu of the development of anthrax infaction,We come rron’ our experience to the

" tta;enont that,briefly,by dnoculation of the infeotion it can be assured that cporoi‘

\
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" are caught in the regional lyrphatic nodes( TRIXA ot sl., 1956), On the other hand,

E._he york is t’m’sed upon & few never methdds of physiovathological observation of the
1y¥xphe.t1c sy:tem(t«!ix.?.!f & KOLC,1957) and upon the sy#tematic study of the importance
of the lycphatic syctem in the pathogenecsis of infection and iatoxication, for ins-
tanc;.in tetanus(MALER,¥OLC & é&x,»tssa).

",
\ MATERIAL AND METHODS,
$T:4All,« In 8ll series of experiments,wve have been using suspensions of spores
whicﬁ wvo prepared fron‘ standard lyophiliud_ at.ock of the spores of the U5 ‘otrain of
Baciilua anthracis, We have alvays diluted the suspension before use, and have coun.
ted ithe nicrobes by pouring the susrension on agar plates,

]

§cormmo OF SPORES AND BACTFRIA.~ The large number of spores or vegetative forms
ot ?Acteria both from the spore suspensions and from the sevarate tissues and organs
( at;.er preceding pulverisation)(in small dishes) we have diluted with physiological
(salino) solution,snd from the individual dilutions we poured on 2-4 agar plates, On
the §24.hour‘cn1turen vo counted the number of outsro\mlcoloniu.and ve alwvays deter-
nineé. the recultant number from t.ho\ average values of .tho culture plates in 2 to 3
caleulatory dilutione, The mmber‘of’ the ontgrown. colonies from the various dilutions
vas ionr different at recounting.
(p.aé)_ INFECTION OF SMALL ANIMALS.= We infected rabbits and guinea pigs subcute-
mou;ly and 1ntra§em11y according to the current method,at the rear extrenmities,

Intoftho popliteal nodes ve infected by the following methods:. we exposed the node

by a small incision so that 1t vas denuded at its convexity,and we took care that

wve should not injure either the afferent or the efferent lymphatic vessels, Ve inject-

’ed the ’roqui.red punber of spores iato.the nodes,alvays as nuch as possible in the

scallest omount of £1u1d(0,05 to 0.1 ml), Into the lymphatic vessels,wve injected

at the site between the paragaortic left node and tho.lumbnl cistern, Ve gained ac-
cass to the vessel by'lapu'otomv ul the midline, As control groups for commarison,

ve ugsed rabbits which after the laparotomy we injected Qit.h a spore suspension into
the spleen,and rabbits infected subcutaneously or at the skin, Different amount of
spores was alvays injected into 'tho experimental groups of animals in’ equal amount of
nuidi. We have infected sheep .by utu‘mmooun puncture iato the shaved part of the
left hing extremity,

(over)

heAn e -o--»_.__.J
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?RDPAGA?IOH OF INFECTION.= We have followed up the infection ia the raddits and
guinéa pigs By cultivation at definite time intervals introduced in the experimental
peri&d. ¥e killed the animals by bleeding thew to death with the aid of a heart punc-
turc; ve touk out organs, and,by pulverizing them in small dishes,we carricd out the
cultivation, We cultivated dlood, urine, lymphatic fluid from the cistern by lumbal
puncture(only in radbbits), inguinal and para-sortic lymph nodes, namely bofth from
the ingected and from the opposite side, furthermore spleen,liver,lungs,and the site
of thé injection,

For a permanent follow-up and observation of the presence of ‘B,anthracis in the
blood and lymph, we prepared sheeplin the fadllowing way:- to sheep of about 30 Xg
in woight each, before the operation we have given 100 mg of hegy@in intravenously,
In a slight peatothal anesthesia, we exposed the thoracic duct by a section at the
neck.jqnd introduced into it a polyothylene tubule(cannula) to the length of about
1.5 t§ 2 Fm. The‘other cannula was iutroduced into a branch of the left jugular vein

- ond wé connected both cannulae gith a short rubber drain tube,Thus, wve odbtained en
numbef of repeated taking of lymph wbile preserving the lymph<bdlood circulation for
the eﬁtire duration of infection, We took dlood Dy means of the polyethylene caamula
introduced into & branch of the right Jjugular vein, to the lunmen of the vessel, Dure
{2z the duration of the oxoeriuent.vo_adniniotorcd 50 mg of heparin to the sheep at
4-hourly intervals so that we would prevent the obstruction of the cannula dy a dlood

~ coazulun, The administration of beparin does. not influence the course of anthrax ine
fcctioh.au ve bhave made it uurt‘vlth u»parallol experiment on rabbits which ve vrov.
idcd with adequate amount of heparin at the neck,and at similar intervals as the sheen,
RESULTS,
PEOPACATION OF ANTHRAX INFECTION IN RABBITS AND GUINEA PIGS,

w3 bave infected a group of rabbits subcutaneously with 10 to 20 LD)gg of spores
ia 1 cl, We have killed the rabdits with a heart puncture at different intervals
fron 3 to 144 hours as it is evident from TABLE 1, From the killed animals,wve took

. catericl for cultivation, The results are summod up(TABLE 1)1~ from the killed anim-
alc iz the period of tin: froa 8 to 72 hours after the infection,ve have obtained
predoninantly negative cultures from all materials, Yet, during this tlno_ooctton.

for & great number of microbes we get frequent proof of their individual destruc.

tion 1z the lymphatic modes, In two animals( for 45 and 74 bours) ve found the pre-
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|en?c of B.anthracis in the lymoh, im two further rnbbits( for 42 znd 72 hours),other-

wis? with entirely nezative findings, we have cultivatad microbes froa tho lyamph and
theylungs.Furthar nositive findings indicate that, beside the lymmh and the lungs,
thelnlcrﬂbon could be caught in the splren and the liver, vhile ,gtill 4{n the sama
time, the cultivation from the blood was negative(rabbits killad pofter 45,70 and
lzoﬁhours). Only the later ph#no ot the i{nfection whig¢h is at individually different

' l
' timq intervals in a few animals, is accompanied by positive cultural finding in the

bloéd and in all tissues of the snimals(Tab.l).

% Bocauge already by 8 hours after the beginning of the infection we had not found
bacécr!a pregent in the organs yhichbcould be cultivated ve zade aleo use of larger
in!e;tional doses( 5 million spores) ,and we cultivated at short time intervals,
namo;y at 5,10,15,and 30 minutes, and at lfa.and 4 hours, In these ghort time intere
vals; we found gpores not only {n the subcutansous tissue(at the site of the punc-

. turoi and 1n‘tho regional lymphatic nodes, bnt’also in the urine and {solatedly in
the ﬁlood(ﬁhblo 1), From this it 4s obvious that the subcutaneous injection of the
oporés leads,beside thelir localization in thollymphatic nodes, 2lso to a direct in.
vasién into the blood through the subcutaneous capillaries,

1We divided iato four groups the cultural results in raddbits which were acquired
in thq course of tho‘anthrax infaoctioni~ the first group sums up the cultural rese
ults shortly after the dispersion of the spores from the utto‘of puncturss. to 4

- houra‘after the beginning of the infection,The second group is chronologically(at-
tached to.the first group and it lasts for a different length according to the in.
dividual course of infection in the individaal animals, It is characterized predom-
inantiy by negative findings from the lyxphatic nodes and organs,(p.84) The third
group.of findings ogain distinguishes itgelf individually chronologlcally according
to tae rate of the course of the infectious process, It is characterised by the evid-
ence of the microbes at cultivation from the lymphatic nodes, from the lymnh of the
ductus thoracicus and dy the rare fiading fron‘lono internal organs,first of all from

“ the lungs and'thon also from the spleen and the liver, f The last group of findings
1s characterized by the apoearance ot'tha microbes in §ho blood, This is the result

of a collapse of the defense of the organism, and shortly afterwards the aninal per-

t.h‘._o;
| TABLE 1,

(see over)

%
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}TABLE 1,4 STNOPSIS OF CULTURAL FINDINGS IN RBABBITS AND GUITTEA P10S KILLED A?
VARIOUS 2I+¢E INTERVALS.
(BEZADINGS of vertical columns: A) Yumber of unimalg killed before 4 houre aftar

the infection; DB)3I.GROUP: positive culturgl findings before four hours after the in.

Jection; 23X(lyrwh nodes, organs, blood urine); C) Number of animals killed from the

8%h hour on after the infection; D)1II1,0R0UP: ilegative cultural findings from the
th hour of the infection on; E) III,GROUPP: positive cultural findings in the lymph,

lytphatic nodes,~~isolatedly 2lsn in othér organs,with negative bleod from tbolath
Lour of the infection on; F):IV,GROUP: positive findings in the blood and ia all or-
gansc).

RARRITS: A) l4,« B) minutes after the infection: 5,5,10,16,15,30,20 min,, 60,
60 and 120 min.e C) 49.= D) 16 animalge. hours of infectlon: 8.12;24.36.36.41.42.48.
48,73,73,86,87,117,120,a0d 121 hours.e £} 7 animals-<hours efter the infection: 42,
45.45.70}; 72,474,120 hours;= r) <26 animalge.w hours after the infections 41,48,48,
48.5}.51.55.60.63;66.72:72.72.72.72.79.80.96.96.96.96.96.96.120.120.and 144 hours,

'CUINFA PIGS:  A) 12.« B) minutes after the infection: 20,240 and 240 pin,e C)
- D).44 animalge-hours after tho‘tnfocttonx 7.7,7.8;8.8.11;11.11;12.12.15;15.15.
16.16.16;25.25;26.25.28;28.29;39.39.40;40.47;47.48.48;48.56}55.56.5?.57.58;58.59.59.
73.hours; E) 11 nninalé-. hours after the infection: 12.25.28;39.56.58;59.67:67.?3.73
hours,= ) 22 animali-—houra after infections: 40.48.72;72.73;72.72.72;72.72;72.72

72,72,73,73,73,80,80,120,120,and 144 houras,

‘We 4id a’'similar research on guinea pigl'whlch ve tnioctod i{ntradermally with
20 1D 4n 0,1 ml into the skin of the left lover part of the abddomen,This area has a
lymohatic dralnage to the inguinal nodes, From the first group,shortly after the in.
fection(before 4 hours) we odbtained positive findings from the site of the iajection
£os in asolated cases from the corresponding lyauph nodes, In difference from those
ravbits which we have infected subcutenrously,in the guinea pige after the intracut.
gacous infection ia not aAsinglo case did we find dissemination of the spores dy
a6 blood 1nto‘tho organisn, The second group(from the 4th hour of the infection on)
was i harcony with the group.ot rabbits of similar time limit, This goes for the

from
culturally negative findings both from the lywphatlic nodes and fdf# the organs.Only

€ in a sinzle case could we cultivate the B,anthracis from the'regianal lycph node 12

bours after the infection, In‘thn third group are animalg in gone of vhich does the

e i A R SRR
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mltiplication of the microbes begin in the lymphatic nodes,and it comes to the

flrstépenetrations of the bacterin(p.85) with the lymoh into the orzunien, This nro-
ceso ﬁcgins by the 25th hour after the infection and it is individuully dlfferent
accoréinc to the rate of the cource of the irfection(fee Table 1l). In 8 guinea pigs,
) to%nd pnsitive cultural findings only in the lymphatic ncdes(after 39,56,58,59,
6?.67;73.unc 73 hours), and in two srimuls we found positive findings in the lyvphat-
ic noéea. in the lungs, and the snleen by 25 and 28 hours after the infection, at
vhich?tho regt of the organs and the dlood remained negative, This period is complete-
iy 1nia5reemont with the soread of the infection in the rabbits, Likevise the sub-
80qneét stxce 1e¢ also in harmony with the corresponding stage in the rabbits; it has
an 1né1vidun1 tine run,and it is characterized by the apnearance of the microves in
the biood.by which the lethal end of the infection is also dated in a fow following
hours;

?IG.I: INFLUTHCE of the colls of the lymphatic nodes uvon the growth of B.ane
zhracéa.tn rotating testatubes ,ia the presence of 22 million lymph cells,1s0lated
from iymph nodes,ve have cultivated 100(Curve C), 1000(Curve B), and 10,000(Curve
A)spores,and after 2,4,6,10,an¢ 20 hours,ve determined their nuaber, The X axis:e—
the périod of cultivation in hours; the Y axisi.. the nmumber of spores.

: at
The negative cultural phases could mot be explained so that 5§ a definite peri.

od there would not be any microbes present in the organism, It coces prodadbly to it
that.in the cultivated organs the microorganisms are ia a szdll nucber aad during
the preparations of the tissue homogenates and their vouring upon tbe plates, it
couo@ to their destruction, Ia order to de adle to oconfirm this supvosition experis-
ontaily.vc have cultivated,tozether with pulverised lymph nodes, 50 svores and ve
have repeatedly found that on every plate isolated colonies have growvn saly, For a
more profound knowvledze of the dynamics of thoilnxlunnco of the lyvphatic tissue
upon the sporas,ve have cultivated 4ifferest quantitites of spores together vith iso-
lated lymph cells o vitro,and by quantitative cultivation ve have followd up their
goovta(Fiz.1). The curve with 100 spores has dexonstrated to us that inm the course
ol the first hou::/tho cnlttvstioa/::ats to considerabdle declire of the cultivated
microbes,however the single surviving sicrodes gultivly saev after a certain delay.
Just by this fact slone, the culturally megative period csn de evolained; ia the
lyaphatic nodes,isolated ,culturally not intercevtadle aicrobes remain oaly,vhich
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Tatoar wil) =147 59)y 4n the ar~anisy,
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s £iadia~ that the mares,injectad 1a%5 ths anlnals intradaranlly ani cudeuts

\

rneaely, vill be loealized at the repion~l ly-poatic srstem, led us to the quastion

whether wva could exneripentally confirm how the suscentibility of the orgonlisz to ;
e ‘afect'on is influenced directly into the ly=mniaile cynt;a. Ve crrried out an é
i

emarinent in thrre sroups of rabblits, e injectsd the firat group with various an.

cu.ic of gmores sudcutaneously,into thes snleen, into the ly'mh, and into the prrlle i

tenl nades, Ve have found that after the {afection dirsctly into tie lywoh end inte

thae lymh nodes,mire -alirnls werished and in a shorter veriod of time than after a uﬂﬁ

v cateaneus 2.f224%:n or oftar the (nfectlon into the nnlncn,(Tnble 2). The infection z
nrosreesed in the same way in the second group(Table 3) whers we. have commared the !
cubcutancons {nfectiosn cnd the infection into the ponliteal nodea;~fho infection {0 i
to the vonliteal nodes hnd asair not only a higher mortality dbut also the whole per. |

158 of survivpal wvas shorter {n contrast with the sudcataneous infection. The third

rroun in which the subcutaneours infection was cornared with the iafection into tke

rnlern, into the ly=pha cnd into the noslietsl nodes, likruise indicates that the
guic-ast is the course of infection after an injection into the ly=mhatic systan(
£..le 4),Trom the vreseated exverinmental results it can de concludedia with snores
inc.osted,witlout previous) localitation ia the sikin,or under tbe skin, directly ina
%9 .1 lymiatic system, the {nfectlon quickens and it bDecozes lethal even at s2al.

ler n.i30er of s.oras,
(Tor Tadles 3,2,snd 4 see next page),

DYZAMICS OF TUF SPRFTAD OF IMFRCTION BY 700 LY. PEATIC SYSTMN
<7 SETT® WITR AN ARTIFICIALLY CRIATT) LY DICLVIN0IS O UTIATION,

-2 ond~r to enadle ourselves to folla- the sector of tas develooment of the
Suloction which f¢ characterised Dy positive cultures from the lyaphatic tisrues and
{:3l.%edly from the orraane, in the sherp ve have surzieaily prepared a ly=phoeven-
6ua o atuls whare we have taken lymh at regulur iatervals,

2a £ll ex~erirents of caimals ve have cultivated the zicrotes from the lyook,

3 Lozia with,0aly 10e to 16 hours after the first findin e of =icrodes {n the lych

i34 1t cora to a positive culturs in the dlood(Tadle 5), After ths initlal growtk
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{ TADI® 2: SUSCYPTIRILITY AP FARPITS T3 VARIOUS WAYS CF IVFLCTISN.
‘ a) b) c) d)
NE’J!OD OF IMTTCTION WP{ITR OF SPANES WTITR CF VALSINAIED  EURVIVTIL IR
PIZR XU!BZR OF DEAD HOUZS
sudcutaneous 800 31 120
8790 3/2 0,168
wpleen 8000 3/2 96,144
| 5007 3/3 95,120,144
lynph 8y 3/2 44,79
: 839 3/3 53,58
‘ 8000 3/3 38,48,58
! norlit-nl node left co 3/2 70,81
; 800 3/2 37,62
. 8000 3/3 44,62,64
\ ZARLY 3: SISCEPTIBILITY OF RAR3ITS T0 VARIOUS WAYS OF INWI=3i7roX
{ sudcutaneons 400 5/0 //,:"" 66,66
‘ , 4000 5/2 — 42,42 |
nonliteal nodes 400 5/2 —
; 4000 5/5 : 28,28,42,42,66

TABLR 4: SUSCFPTIBILITY OF RARSITS TO VARIOUS WAYS OF IVFECTION,

iatracutanecus 10 5/0 -
» 50 5/1 9l
500 5/3 81,91,91
. 5000 6573 34,36,52
soleen 10 | 5/0 -
50 5/0 -
50C 5/2 £2,66
; £000 5/4 53,54,54,85
j lygoh 10 8/0 -
! : 50 5/1 54
g 500 5/3 72,72,74
" 5900 S/ 37,42,53,54,54
{ ponliteal node 10 5/0 -
Co 50 570 -
: ! 500 5/4 29,5.,668,66
o 5000 5/5 26,27,23,35,51

TADLE 83 CQULTUPAL results froa lywph cnd dlood in ‘shnp vith a created lympho.
venous coxzunication, (%ﬁul headlinest a) ordinal number of sheep; b) hours ef
infection; ¢) saterial fros wvhich culture has deeca cads).o{VWords in Rudbric b),froa
top to botiom: 1) dled at 59th hour; 2) dled at &let bour; 3) the lyzphoevenous csne
| Bula becase ebstructed at the 18th gour after the iafectlion: died at the 54th hour;
| 4) d1ed at the 64th hour; 5) died at the 52ud hour.. WORDS ia rubric e): lymsh xa

dlood(and so on altermately),

- F16,71 SO137R of bacteiia {n the lyroh and uu‘ bl07d4 4ia sheep lNo.4 in the coure
80 ¢ tha infoction, Pntted line « - - pumdrr of nicrobes {n the lymph; aes full line:
tuzoe> of 2icrobre in the dleod, The end of the curve signifies the death of the

sheep,%he x axis: bours after iafecticn: the ¥ axis: nmumder of sicrodes ia 1l =,

L .. | .

| - e R s
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PIG,3: MiB"3 of microbes in the lyrph and blnod of Wo,5 sheep in the course of
theiln{ection. Dotted linee -« « nutber of ricrrbes in the lymmh; full linees.e nurder
of microbes in the blnnd, Tha end of ‘he ~ranh means the Adcath af the shrep, The

X axis: haurg aftar {nfection; the Y axis: the number of micenbas in 1 =ml,

(tcxs,cont,)eesthe numoer of micrnies was nuintained in the ly.wph up to tha lethal
end of the infection sudatantinlly et eugal(equal) height.Ca the contrary, the aumder

of zicroses in the blrod(apmecring with deuliy,in comparison with the lymph) has been

continuously steeply increasing up to the time of death(7ig.2 and 3), By this exver-
igeat we corrobersted that it comes to the spread of infection after the -ultiﬁlicn-
tion of the microbes in the regionnl lymph nodes, froa where, with the lyaph and
vit§ & swoop into the venous river ded,it arrives at the interanel orgeas.
PISCUSSION,

| it 1s known tkat tie lympbatic systea and most of all‘the lyzphatic nodes are
a very ieportant filter for the aicroorganiems and for other corruscular heterogen.
cus varvicles()  EDl & VIOLA,1899; DRINKER,FITLD & WALD,1934; WIDDICOVBE BUSRES
& WAT,1850). Chiefly by izzunisation,this barrier capsbility of the lymphatic rcdes
i~ continaoucsly retlsed,zcd 4t fa considerel! ae one of the chief defcase reacticas
whiclk protect =:=:1ast the spresd of the infective sicreorganis2e(3iZ AY & SLATAJSTA
1545), In contrast with thig,ve fin2,hovever, that the pajority of the nath-genie
ticroorganisns s firet of all holding fast in the lyschatic syertem, wvhere gfterverds
tiey multiply in tie lyzphatic nodec(lysplindenitis tuberculosa,brucellosa,tulareats
ca,yestis,ete,) Such facts lead o fov workers $o the comclusioa that the rathogeniec
gicroorganicns hove Lecove adapted to the exploitation of the metadolic process of
the lyrmpkatic ticsues nnd they utilize it to thelir revroduction(PLANFLYS, 1985),Ths
tvo ideas scenicgly caontredictory to each other gre bowever fully identical, They
exprucs thic dynapic correlation of the defenre of the orpanicse and of the pathogen.
{c aciton of the microbe, They stow the {zortance of the lyaohstic tisctues for the
paticgenesis and on the otler hand the necrssity of the modificaticon of thelr cetae
bolica in the course of the iccunigation process,

Our vork nregents a direct evidence for the lywobitic patlogenasis of snthrax

infectina on the ground of iavestizaticons of the Ayna . i¢c {nfectious vrocars,and it

zadleg uc to create for ocurselveas an ldea adout ite courre, Shortly, after the nen.

etratien of the snores into the titsums, it comes vartly to their dlutridution 2leng
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the Pra&nisn by the blcod vesszels, chicfly howcver, sund this i¢ {mportunt for the
fhrtﬁer development of vhe infection, to tue vetilemcnt of uie siores i1gf ke regioza
al l;mph rodes by the iynphatic pathweys,the dbleood delivery of the infection,eccord-
ing ?o oupr findiree, bus no grent imvertance for the puthogenenis itcelf, alnce in
ordc? to ciure an infection with the insertion of epires directly into the Lieed
otraﬁu.wn hove to uce ten times larger doges thra at the injection into the skin,

Ax w; are &lso chowing in thic work, the ssoran vhich have be~n localized in the lyme.
phatic systez,are portly killed by the imhidition from the ticsues{ poesidly of vpepe
tid ﬁature...cxﬁﬁ‘.TIE,WA?SOH & BLOON,1947) After ocding the m-~ores to tirsue homoe
gcna%os in vitro,and after an instantancous cultivation it coies %o a lovaring of

the Qumber of the cultivsted microorganicme, It is possidle that we do not get held
of 1;olated vegetative forrs or spores of 3,anthracis which have setiled irn the lyze
phat§c system, and thus we get periods which are culturally nesative, The {eolated
ulcréarganicms which are nreserved in the lysmshatic system begin to multiply with de
luy.but by the sirultaneous productior of toxic substences which attenuste the baca
toriéide cnpabilities of the organiesn(STERLL,TRNRA & LASG,1866), The simultanecuc
cresiion of toxic substances has been emnerimentally supported by RARRIS-SIITH ani
onhe;s(1957) who succecded alresdy after & Se-hour cultivation 4n vitro to find the
predictien of the toxin of B.anthrrcis, This toxic ratter has undoudbtedly & decicive
iafléencc upon the defense of the orgemnism in tho sense of a further reproduction and
pnneération of the reproduned microbeg through the lymohatic barrier, The mltinli.
catiSn 9f the microbes is manifested by the first positive culture of the samnle
fron‘the Lrzph, In this veriod we got hold of microbes in rabdits and in guin=a nigs
end both quantitatively and temnorally at the lymphoevenous fistuls in the gheep, The
nicrﬁorgnniams which,aftor getting loose,have arrived fiom the nodes with the lyroh
to tlie venous stream,vere fished out from the blood by tre bearest tierues as file
tuTcee guch ug the lungs; thersfore, in our material,there are cultural findinge
vhicﬁ reveate themselves u few times cimultencously in the lymph and ina the lurgs,
For ghe further excece of microorganicms,vached out dy the lymph {nto the dlood,
there ure ulso set up other,very highly effective filtrring organsee the splesn and
the l.ver,In this tizne the dlood was culturally negative,The number of nicrobes in
the iy:ph bra remained oll thef time essentially squal,and this is vnointing to a

runaing leap of the microbes rultiplying themselves at the periphery of the blood.
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i cucl oo sieh,1y conrc elready both tooa nuwb<r of nicro%as even in the orguns
% which trne: set hildee 12 the lungs, tue e~leen und the liver, end to a production

of & ler:r zwount of toxin which directiy eftects toth tre cefensive cavaclity of the

2
3
4
;
p

lsukozyzar 3nd thelr clennizng effect uscp the mizrobrs ASD the cleaniag factore of
tie Blead saran(STEIZL,TRLNTAL% 1270 1256).A thousg 1% 1s0ks that the last arising
sf tastrriezia {n the ~reerartal nerlod is the consequenze af & powarful aultizlica.
ticn and gorezd of the microoes just in these geocozderily infected iateraal orzazs,
tas vozelbility 1s atill unexolained whather it conea alsd in direct washiag out of

tae microbes frox the nodes into the vesous streasi{wIDNISN'BIZ et al,, 1958); to

tals nwroblex further gttentfon muet be atill pald in the future,

An irdirect proff that the dezth proper 1s not caueed by the quentum of microdes
tel prodably by a shock mecharism(SHITH et 2l,, 1955) are the findings that bacterie
e~i1 of the animals dying {roa az antersx iafaction 1a not =luzys of such an extent
Wat tae naaber of the microbea could csuee injury to the organs or biochenical chane
Zes OF nn pnoxiz of the tizsues oo it hee been supposed earlier(CROVARTIE et 2l,,
1945; KWePIF et al,,1555; TEYXA et al,1555),

SULARY,

1, ¥e huve investigated the uprecd of the enthrax infection by meuns of gquine
titntive cultures from tre gite of the injection, from ly-phatic nodes, frem the
blood, aad from the organs after inoculation of the crnores cubcutoneo.sly srd intra-
derrally, Alrealy ehortly sfter the inoculation(after & hours) the cultural findings
heve been npegative, In the faurther phase of development of the infection, howevar,
we have crught microbes in the regional nodes, 4n the lymph, &and in case of larger
snread of the infection, already evenm in the lungs snd in the gvleen, Only in the
l2ct stage of the infection does it come to the sprearsuce of the microbes in the
blood snd with thet to a positive culture from all tissues of the body,

3, Ye have found that after the injection of various doses of spores directly

into the lyrmph nodes,verishes ,in compusrison with the subceutaneous infection, & large
e siount of animals ot lesser dose and in & shorter time, The imfection into the
lymahatie tineues and intraderrally hax an alrost sourl affect,

. 3, The dynomics of the anread of the micrabes by tha lymnhntie system has dren

curiently found after the craation of a permanent lymmho-venous comnection in the

sheen,Wo hove shown in a1l iaveatigated mimnale the nracence of nicrobes in the Lymph
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abou$ 10-18 hours earlis~r than in the bdlood,
Ths findings indicate the importance of the lymhatic tissue for the develop-
nentéof infection,and they are the frundation for the creation of the concent of the
pathézonesn of anthrax,
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