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aznval dmvesoi_ucion of ef ;ez.ot..erapy in tuberculosis.
oy . 2rigge

hlinische ~ocaensc.oilt, 20, 623-837 (1943)
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< survey of ire liver.surs cuzaling with the chemotherupeutic susceptibi-
lity of tuberculosis to ju.s coujzounas o few years ago still oresented rather
2 paredoidcsl situstion: Jespive the success which invesiigators claimed to

note in conaection with min, it s "reneral.z:/ conceded thut no exaci proof of

the eflicacy of z0ld prepu.rations could be obtuined in anirml tests. In cont -

sideration of vhe fuv. thit tke estire field of caemotherapy owes.its princi’
ples and its develon.ent to tne wdmal exveriment, attempts were made to
overcome this contradiction by tieoreticul deliberation concerning the mechmlsm
of the gold's effect. It wus cliiized that the orogress of tuberculos:.s is
comp.-.ete]y different in artificiuily infected aniinls, esnecially the guinea
piz, 4nd in hunens; above all it was asserted that the orginism of tie guinea
pig vossesses so few inhecent uefensive potentials that it is helplessly ex~
cosed to the progress of the infection und is principully incapuble of exploit-
ing the chances ziven oy cicuotherapeutic injury to the T8 baciili.

- satisfactory explunztion becozes possidble only after the investigations
of Prigge (1) as well as ruester ana heyer (2) revealed thit ezmerimentsl
tuberculosis of the gulnea »iz and the vwiite mouse may be influenced very dis-
tinctly, so far as the irestzent is accouplished only witia really sippropriate -
chemical or physicul means. after tiese ueterminations, the poor suitability
of test zanimals for the demonstrition of taeraveutic effects could no longer
be neld responsible for the gold's failure. oUn the contrary, it suggested it-
self 1ore strongly to search for the cause of negative results of animal tests
in the poor suitability of the goid compounds themselves. The correctness of
this explanation is supported by the clinicul anaiyses of rartini et al.
tioned in the first report, in waich the ineifectiveness of gold in human
tuberculosis, @3 ’Jecl‘..l...y pulmonazry I3, is e.aposed unequivoeslly. .Je therefore
czn no longer recoznize & principal contradiciion between the results of ex—.
ge*'luental research zpd elinical tests, and cannot aduit of a4 reason for the
reglect of animal-experizientzl methods for the discovery of chemotherapeutically
effective compvunds in tubercunsis. In order to coapensate for omissions, cne
suoula J.mtlalq deal less with the investigition of the wechamism of chero-
tnerapeutic effzct, and zpre with the r.cvelopuzent of nighly exict technicues
which permit a reliable ecision on the efficacy of ceriunin groups of sudstunces
and the us:surenent of tais efficacy. The extent tc which results thus obtiined
cin be fruitfully utiiizea in the therupy of the tudercular perscn will, of
course, ve cependent on the clinician's aecision. .5 {sinschmidt (3) recently
stoessew with zrest ecphasis: W.lthough the animul ecperinent represents tne
“oundztion of chemotlerayy, there are sigpificant il zrences between the

-caieverents of chexotherapeutics in the Tinimal tes. ara ..e effect on nwwn -
isease." .

2%

(¥) rirst report: Xlin. .scar. 1940 II, 1273.
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_remarks should suilice here, coupled with a few supplemental data clarifyia:
the progress iuue ia metnouics.
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. I. .aon. ti- :2ilows by Wliich tae therwneutice influence o exverdasnially
irdvneed infeciious aise.se, =bove o1l o tubereulosis, cun b¢ ested. the
colleetive tost asscaes incrzased f.ortunce. ..ext to the resciiou of She
inaiviau.l animul, it uiilizes thae toral bshuvior of s.0ll or lirve oups
(coilzetives) o waim:ls 25 tac criterion of effect. Since the u;in‘c;iplés
valid in this cumnection huve deen discussed in more detail in previous pubii-
cations ou cherotheropeutic iavestiszations (Crigge 1, &4, 5, 6, 7), vore gencral

ad: o

Zvery charucteristic which zllows the collective characterization of un
animal croup ray serve in the evaluziion of the chemotherapeutie effect. uon
the other hund, it uposurs extremely Jifficult to reach reliable conclusioas
solely from tiiz stuuy of vathologic-anatomical alterations. The consideroble
dirfercnces bLetween inaividuul animals which are noted even during wnuisturbed
progress of tie inlection, make it very difXiculr to zain a positive evaluation.
Investizators who have seen the extraordinariiy diverse develovment of TB asong
2 larger group of identical aninals infected in the same mamier, and how strong-
ly the finuings noted at & certain point differ (even witnout therupcutic treat-
ment), will consider utmost restraint in the evaluation of anatomical appeir—
ances to be inuispensable. It becomes especially difficult when compurisons
are to be mide of ardmals that have diec at different times. .n unogjectionabie
result sy be obi.ined only when all animals belonging to the two groups which
are to be compared (they shoulid be azs larze as possible and comprise the treated
series and ihe conirol series) are sacrificed at the same time, and when the
#staze® of the diseuse, to be subtracted from the irndividusl tesis, is used as
a basgis for corparison of the two groups. Maturally, the conclusion based on
such a proceuure will always be somevhat arbitrary — the sualler the compared
animal colleciives, the more arbitrary. For on one hand we must make the ab-
straction from indiviaual Iindings more or less subjectively; and on the other
we have no objective rethod allowing us to evaluate the role chance plays
(even in uutreated animals) in the distrimtion of lipght, medium and severe
cases auong uiverse, apparently identicully constituted collectives. Besides,
the describad uethod only yields a ®cross-section* through the test process Ly
revealing vhe status of the test at a particular moment, but does not disciose
anything about mrevious or subsequent conditions, while we should be bent on
obtaining & "longitudiral section® that shows the entire progression of the test.

I1. lors relizble, nmumerically expressible results may be obiained when
the course of infection is followed to its end — or tc its cures-, in whica
connection oatholozic-anatomical changes found after the test animal's death -
may serve as an addition2l criterion. Of the methods used by me for the execu-
tion and evaluation ol my investigations, I should like to list two that have -
aroved to be especially feisible.

1. JGroups of 20 aaimils (rabuits, mines pigs, mice), as ciuilar as
nossible, constituted zccording to Frigge (17) and Schzefferts (18) method in
such a munper thit the (iffecent classes of body weight are evenly representzd
in each series, are inrecie. with humin or bovine T8 bacilii and in part ob-
served without treatzant (controi series), in part subjected to treituent
(oral, intravenous or subcutzneous) aiier a few Quys, generzlly twice a week.
In izsortant cases 2 or :ore jroups, i.e. 40 or more animals, were consolidated
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and frobol wlon o sae prorarliion aacd accoradng to the sa e test plen,

JLUL Wi SLiv W2lD, etC., 02 Wore <LSIrVeQ .S controls. Un a stitably chosen
"fi.eq uayt the ercentage of animals is determined wiich survive in the
Wailerony serlzs. IF arge Wliilescices are found, it is determined wiith tathe-
itle dest .Clstical ethols lielher ihey ure to be considered charicteristic
("eizificans,” conclusive) o iiae result of chunce.

Za this connwniion one s.ould nob e uisled to assuume that the result of
comp .rizon iacre.ses in cestul.ly ilisa the suutistical evalustion of exch indi-
viuaaal tesh is conaucted on o w.y on ifiich the survival rutes of the treated
ara wnlreated wl.ols ere ooy aisvinetly cifferent. Juch 2 method would even
lead W seli-d=cepilon. - critlcal eviliu-iion of test remults is possible only
ahen the fized term is set irom an objective woint of view, independent from
tine result of individual tests, e.g. so ti.t the result on which evaluation is
tc be bused is aeveridnea after the eupiretion of a certain.number of days
{from the comuencexent), or wien 50;; or 75, of the control snimils have died

{#%}, or at another moment chosen as suitatle, but in a #non-partisan" way.

This rule naturally shoulc aob e applied schematicilly; abvove .11, it is
valid only for tests conducieu according io tne saue prosrem and with the saue
cneiical compound {ef. Section IV). If, for insvunce, the same course of
action is taxen with drugs oi rupid affect and comounds wiose effect pecomes
active after some time, it would be i:mossibie ©0 zrasp the diversity of tiera-
peutic possinilities in & sensible mmnner. The plenning wmi evaluation of
chesotherapeutic tests should not be subjected to a few inflexibls rules that
allow the convenient use of statistical fommlas, but must avove all satisty
the multiplicity of biolozicul possikilities. fhe use of statistical methois
therefore represents only an zaaitional process guaranteeing the critical evaiu~
ation of numericzlly expressible iest results, ut unzble to take the piace of
principles valid for the planning and evaluation of tests.

The result obtainable by the described method miy in some cases ve ex~
tended by repeating the comparison between survival rates on several fi:ed asys;
thus it is possibie o determine, for Instance, whether the therapeutic eiffect -
bas increased or, conversely, it has been displaced by a dystherapeutic one.
This course appears to have its rewards especially when the effective mechanisus

of different compounds are to be coupared. iowever, if the survival rate of

tae treated or untreated animals once attains a lead, no additional conclusions

may de reached from the circumstance that the leud is not cancelled out subse-
quentiy.

“he described mgthod leads to a cualitative result; it answers the general
Guestion, whether or not & tested substan-e is effeciive. If compounds of
ascertained eificucy are avuilabie, a measurement of the therzpeutic activity
zay be conducted, provided one of the effective substances is defined as tae
cozp.ritive. preparation ("standerd prejaration®). In this case the conirol
series consicting of unirested animils is replaced by a group of animals treated
with the standard »reperation. JCompirison of survival rates or other values
sharacteristic of the behzvior of the animal collection (see below) reveals
{#%) In especiilly Zavorabie cases, e.z. in the eviluztion of the eificacy of
Agnly eilective compouncs wuzainst preumococcal infections, the iest results
are determined when 100, of tne animals (control animals) have cied.
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whether one of thv tested substinces is vore or less offeciive tlhia tle wusa ¥

preparation, or idaitic.l. If the efilcacy or differcut cuaplitics of t.e
esteu urug is Jdetorddned, it cun also be found waich dosis is cguivalent io

a certain auount of the stanuira preperation; frou this, the rcatio of values

of the different compounds cun be deduced directly.

2. Purticulirly lucid resulis may ve ovtained when tne survival ratios
found in the treated und untreited aniiul series are not only compared once or
several times, bul coatinuously during the entire test duration and the results
are depictea sravhicully (cf. ;i‘_,. l~4). The gra.phic reprosentation of the
test an_mls' cowrse of death _ives u very cleur picture of the total progress
of 2 test and yield the :ost vaiuabie foundstion for the evaluation of the
therapeutic efz:.c“c) of cheuic.l coupounus. of eourse, a muserically express—
ible juube_..nt of the ovtained resuli cannoi be deduced therefrom cirectly.
Such a juGgeuent, which should consolidate arnd evaluate 2 nirhly complex, re-
ciprocil elfect between m2cro-or ga.a.sm, umicro~organism and chemotaeraveuticun
extending over a longer psriod of time, ——- i.e. s @ biclogical process ~—,
in rany cases cannot be expressed at all. S5till, it may often be useful to et
a swaary personeciive of the test progress bj entering each indivicual animal
with a characteristic sign, which signifieantly influenced tne final outcoiie,
in a calculation. Such a sign is the test animals! survival tine (or #deutn

- time").

kunercus phormacclodcal, chemotherapeutie, recently even irn.aume-biological
investiguticns have been conducted ¥iin the consideration of the survival ti.e;
in earlier exain:tions of the cheuotherapeutical susceptibiliiy of. tuberculosis
I kave alse utilized tais churecteristic for the muuerical desizpetica of test
resuits (1). [ts use is entirely justified, sinece in wany cases it wmuites the
formulation of a sensible average value (and statistical analysis) possible.
Stiil, it nas veen kmown for u long tiwe th.t some experimentally odtained
data are very difficult to mtron.uce into the mathewatical iuterial yielded by
a iarge collective.

Fci' exumple, the death times of poisoned or infecied znimels do not in-
crease freely with decreasing doses of toxin or bacilli. Starting with a
certain, more or less precisely determinable iimiting dosis, we observe tnat
oxly a part of the test animais die, while the others do not die belatedly, but
do not succumb at all to their disease. If the instilled toxic or bacilizry
dosis lags behind a certain “threshold value* (differant from animl to .animil),
the expected effect does not ocecur with increased returdation, but not ak all.

. Tais also applies to experimental infection with TB bacilli (cf. Prigze 1,

Peli5).

The n.thematical trestment of such observational data nas been ztteispted
in different ways. &isskalt (8), for example, equates the deata time of sur-
vivigg animils mthbo It 12y e arsued tint by this metnod the custamry
average cannot be arrived at; the arithretic mean becomes o, as soon as a
smgle anirzl survives. Other authors igoore tne survivers and only accouut
for tae dead animals in calculzting the average vailue, Juch a2 course of action
mist of course appear highly questionable.
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Do Lidlcoves LiJTieviiles Lave ocea overcome in o wery simnle manner,
on:: tirl, VoL tewdea gy Se8 200 yeb been utilized. In orcer to obain
ValUGs Muilil waawd 2 sd:_zszole“ c..lgu_;:.;‘cn of averages even in the cases aes-
crived, tiiz ueils Cheo is replil.ced by the ani.als! death rate.

If the “desth russ® of an wnimal thit dies I day (24 hours) arfter poison=
ing iz cosi_csted as .00, the wimsl dying after i diy (12 hours) hus a Geath
rate of 200, tie .nii.l c/ing after 2 duys (48 pours) a death rate of 50, etc.
Pne aeall race trerefose 1o delined as tne 100-fold mugnitude of the reciprocal
value of the ifuaciviwad test aniaalts dealu tine, meusured in duys. since sur-
viving animuls, Jesl nelsu by 9 4n .dssiult's method, now show o deuth rate of
zero, all test .niznils can dDe coasidered wnd a reasondadle average becomes
pcssible in 211 caues.

Jic lnbroduction of cz.iz ~utes leads to the so-called ®harpmonic mean' of
the ac.on tiues; the lutter is the reciprocal vulue of the aritimetic mean of
the aeath r.ies defined zdove, Giviaed by 100. .%e harmonic mezn of the death
times cun be used in »luce of the critvihausbic mean of the death rate. The
construction of boih uverages is possible in ull cuses, rezordless waether all
animals cie or opne purt remaius wlive. llowever, since the “hurmonic mean® is
rnot custoasry, it is recom-ended thut only the arithumetic meur of the death
times be used in characterizing the ceuth sequence, or else the urithmetic mean
of the desth rate. I consider the first fo be preferzble (when bota are possi~
ble) cue to its persgicuity. — -

Tae significance of the survivsl raies ana the mean values is severely
linited by the circuwastaace tlhat tae taerapeutic influence on an infection is
not a uaiform precess, but o bighly complex interplay of powers anu conirary
powers. Investigztions reportea earlier support the view that, for example,
gold compounds in doses waich exclude imnedicte injury to the orgsnism, msy
exert an unfavoratle influence on ibke prozression of the tubercular infection
(Prigge, 1). Cbservations of the effect of cauulmoograic aeic compounds re-
vealed that even therapeutieally effective sudbstances may under certain condi-
tions vecome ineffective or exert dystherapeutic influences (Prigge, 1). Such
contrary processes miy be covered up in the construciion of mean values: Tae
apparent Yobjectiveness of the mumber® may in such cases represeat hindrances
to rese.rch. ror these reasons a general use of mean values must be avoided.
Cn the basis of years of experience, e consider the graphic representation of
desth prozression to be the most valuable means in the analysis of chemotheri-
peutic efficacy in experimental tuberculesis, particularly vhen this meinod is
supplenzniea by other proven nethous {control of weight, examination of the
st.tus of the iympaatic glands, patiaologic-amatomicil examination of all desd
aninals, treuted and untreated, ete.) The vuiue of the graphic method diuidini-
sies, however, waen applied to smill zroups of about 5 to 10 animais; tae
reiiability of the graplic .ethod incresses with the size of the tested animal
collective. It is only in conjunction with this standard sysiem that the eva-
luation of survival raies and mean vilues assuwes significance. In swaming up,
tueir utilization :ay be caaracterized as follows: dJistinel diiferences
between meun values aiwz;s renresent valuable iutelligence, wkil: the absence
of suca aifferences woes not pamit unegquivocal evaluation. .
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mallic.aticlaot Llsticel .CT.0ws Used La tac eriticuze ol eiozriventadly obe ,
Lelned Lusy rosules, e.oressew ia D ires. DL is sulliclont wo point oub wint !
bue Mol sililct.ce! of tie dllcrence cotireen sWwVivel roses of orewbed fiw Wie f
treuled wal..ls was tesbow 1dtl the wia ol ths 2~test wevelosed oy . V. k.
Scuellin; {9}, «lici for tic firsc time Juarcutees o colpleiely e.auci Lreut.ant
of Lhs cilZeriice tevween two pereestljes, wud taerefore is Jo icully superior
to ouuer sysae:as? even t the )‘; test o Qearson, wiich in thais case is nearly
equivilent nucericully, .ovever,

sue dif erence zetueen ile arii.netic mean of ceutd tiies or Geuth reies
obtained froa 1.0 couperative test series cannor be evaluited by lieretofore
customary uetods, since trese hingze on tue condition th.t & so-culied Bnoma:l
dastricution,® i.e. u aistribution corresnoadings to Causs! low of crror, is
‘ ) valid for the ooserveu values, zad also veczuse Lhe disuritution of death tiles
. F ol tubercul.r animids (as weil us thal of aeuth raves) aroved to be etircly
different froa Guuss! disuribution of error. T.e possibiliity of stutistic.l
evaluztion of such w.terial lias been ;iven only recextly; it Secomes feasible
, : by ueans of a .etnhod, alsc ueveloped by E. v. Jchelling (10), whica is wiolly
; 3 - independent of the assuwistion of a normal distribution. )
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The utilily of the critique ol test data, undertaken vith the 2id of
mtnesatical-statistical matirous, becomes apparent primerily by its ability to
X preveni sudjective evalu.tion ol app-cently fovorzble test resuits, and to cive
3 0 valuable pointers as to uilch observations would justify furbher pursuit and

- the commitment of more exteasive invesviacions. It should be obvious thut in
tihis connection tie course or action uust anct be schematic, so that, for in-
s ‘stance, only those resuits ure considered which would be designated as
, “affirzned" by ike 3s-metuod. It seems more imporu.nt to test in every case ile
: magnitude of probakilily wiii which un appacenily fuvoravle result mmy belong i
1o the realmn of chance. .s long as this value is contained within reasonsble
bounds, there rexains the justification or duty to ussume a "systematic"{le_.1) 1
cause for the observed resuli and to conduct further obserwvations. Tae re.irss
at the close of Jection II make it obvious thut additional iesting of a nrepu- i
ration will appear incicated even in those cases unere jraphic representation i
i of the disease evoxes suspicions of contrary effecits, and wrere the statisiic2l } %
3 ‘ -evaluation fails fo rewveal the Hresence of eficacy.

23

IV. In orcer to zvoid disappoinimenis (which would bring unwarranted
. X discredit upon statisiics), it should be realized that even the deseribed,
i exaci uelnods Go not make obsolete the necessiiy for z well-planned prepareiion
3 of the material for evaluation.

In this n2per, which orimarily aims at tbe Miolodcally imerested reader,

a common error rusi be ointed outz If of two tests, conducted wiih the s.ae

i : arug and cccordin: o the sumg plan, one yields a "positive result, i.e. a

' resull supporting the efficacy of the tested substuuce, while the othner woes
nob sihow a si nificant result, it woula be wrong to conclude from the judgencit
¢ot.ined by statlistical analysis of the first tesi viit the second test shoulu
noW se Jisecuraed us inconclusive. It should rather e consiasred that the

O conclusion reached by statistical methods represents an expression of provabi-
Lidy. <ororessed under tie explicit condition thit no urbitrary selection froa.
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COLmawilen, wee 28300 00 oL Lo oleedlNed DY sowg Wine of erroneous pro- H
LS v 91.,: LaLZo s UL ostlb v e A o coaad llons.  ona- tilose tests o
S 22 Codl.irou L co. .,,.'.i,s coLeioiical ...A.:..u'...:.o, whlen tho biolozically %
trainoa oualultor rocolluz. L5 unoviectionddle and r.ruly homogeneous - Jesb 3
LESULWE KoLl tonos vl corduions shoulu nol te :.«oL..nea, however, 4
Sus snowta Wlwlgo L ,*.n-‘_ua.::_;i' in cuatexib, ]

S juociiicatlo. Zor v.lo reocuire..nl is euslliy seen: .wven in dealing
Jith crapslotely Lao.lnculve Cliltde Cul"0uals, Jrester uliverences between
the aver ‘;;e Go.th i3 0. LoBeu2C .ad uniresied wnimils amy eppeur as purely
oincicental resulle, L3 no s uwhe tesis

E58 @@ COLl uc;ed wick sufficient fre-

que..cy. Lo 1s Gersioou vt the ropetd ’:,ions of wn iigffectuwl test, in the .
’ - ol \ X —" Pasl - - ¥
2008 o4 sueh & result, caunoo “,_ 2le & resule awditing of evalu:tion. If fhe

aoped-for resuli shoulu re.liy o ac.leved ulier aa.esous repevitions, ———
orovided tae test h.s been conaueted withous Jrounds for objection -, ii'. is
easily rocosnized s wie feclor S0 desi natved in btae taeory of nrobabiiltly
nzcely as the Yexcepiion® dul to clunce, which muy be e.vecied onliy in a ver:f
large rwuber of cases. Juerefore it muy ulder no circuusiwices be evalusbed
sep.rutely, 1.e. by circunventin; tire otier res.its! un the otuer aand, it is §
ineunsecuential if oifer vurious positive test repetitioans one resulv is ob-
tained woich ~= by itself — woes not reveul a noteworthy difierence between

the ottained wver.ge values znd t.crefore miy not te comsidireu as ¥stotisii-
cally affiriced.®

o
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If resulis of zoveral tests, conducted with the sawe :rejur.iior cnd
accoraing to Jhe same pluy, <re «vailable, every kind ol arbitrery sclection is . .
nronibiced: .11 avciluble test resulis must be considered ani compiled in fhe S
anelysis. This is tzue zlso of tae icdividual resulis obiained within the
fraveuwors of = larger test, e.g. for gmp:.rea..}y discoaneclted) death times of '
animzls that survived lony p:st the iime in which the death of all other iest
aninzls hac occurred. «8 lonff as it cucnot be proved that o test error is in-
volived {srroneous ueviction in the awmouni of substance irstilled, eic.), it is
cona;ez;ly unjustifiable to ignore 1nd1n.m‘.u. coserv:mx.ons waich make statisii-
cai analrsis wore difficult. .fter ... Schaefer (18) \op. cit. p. 62/63) bad
pointed out that at times even expert staticliciaus make such errors, our
alivsions to an urobjecticnable test cveluation should le considered more

-
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e&m«:s:l;; thon sy appear unecessary o persons nov acquainted with the HLSL.eS ;
recuently found in t2is counection.
%
Y. 1In the intrcduction, 2 concent wes iliumdmated, accordng to which §
experinental T8 ciffers from oie muman priusriiy owing to tie circumstance that ¢
Lae orpanism of test znimals zre aewnselessl exposed 10 the disease cue 0 ki
tae rsence of inherent defenses. .isrejurding the guestion, wiether or mot
au ocube infective progress migit evea be wesircbe in view of tne goal of E
t Sndin: cherotiiers ,w..-ca. vl fe.s:.o...e suustinces, (sisce only highly efiective z
. corownts cil asseri themselves), it mmst first be cc.dtied that the assumpiion 4
. of & complete or ev».‘ fur-reachins deisnselessness of sest animls agzainst -5
' tuborcalar infections ic fulse ana withioub experinen..l cuprort. On the con- 3
- trar* 2 rrigze's \l) o5 well as iuester and .eyer's {2) investiutions proved T3
i nat ':..t.um..l lavorawory mii.als have a éistinctly difresent resistance to z
i.' o ..uaercm.ar infeciion, lenuin; to extreme diversity in the veswvior of indiviaurls .
3
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] loping , CLoondic | ov eLSlOas. o i) EVER RUnDLO uio Sone widnals reisdn

completely newlily aiw 0 oW ovin reoaet Mbh Jlandul.r fusescenceo, if tie
infection?s viecnle.ce 1s Jtleniiwad. .owever, iv is nov only the reaction ol
laddvidunls beloa o W odie L. ccllociive thet is pizhly vard.ble. The
avercze oro ressiul, cawrlcluclelle Jor tle colleccive, as well ws Lie alstiicte
iveaess ol the e.wraie Jom.g, ..., &-u00 fiucwuabe cousiderablys, ddpending ou ihe
ii b ise.se in o
T

meie of infection. Une e.jo.law.eer )y therefure fusidon
cube

2
o .2 Q&

‘s N - - . o . N i v 3 T - -3, -~ ra kd ‘ye
1 maner faeh appgeurs ewoeeillls f.vor.Uie for tie exsculion ol Tae

T -2 e et o s e e R LTI T o LY PR N 3 v v
Ig thi. conneeiion, «o Suirisdee b luesher i weyer (2), 1t ouZint not io
- .

.
Ve LUVidiioe_20US U0 €X2:28 L. Coulse oJ disewse by s.ecific wlterations of wie
orgaiism.  wone invelii_cwors, Ior inste.Ce, h.Ve cresitea slowly Drolressiag
tubercuidsic in ralbiils Oy Sre-treoating tue andswls dth weaxly viruwient
(Swiun) 5 Laciili apa reoinlection wloer sone time dill fully virulent vovine
SEris.  .ueSTer wWild Loyer Lolat out thub in suien wniimls, eugsccially suroal
acvwrel ho.adin proessses seb in umnich .mlie the evilustion od therzpeutic
agenvs vory dlflleali, pesticularly iF tae iavesud rmiioces wedd priw.rily wita
the swudy ol sabavloic-wnitomdcedd chnzes in tle various shbudis of the wis-

] case, the ulfferences oi whizn .re Lo furaish coaclucions rejuraing vhe uis-

1 3 ease's tendency Lo Leul.

)

Lo

Y, > 1e

Jne exfertion of ext:ienal influe..ce on the pro_ress of Jdiscuse is nol vvin
necessary, 3 tiuc infectioa's dosis accordins to cummiity .nd virulence of thae
] bacilli may be consiuered the method of choice for the creution of diverscly

) culibroted infections, accorcin: to exteasive experimental experience. 1l

) aoubis aboul this fact cre expressed time and again, this mny stem primeriliy
o 1 from the circunstance thnt the extracrdinury scope of dosaje variabilily, wiidca
mekes 3 noteweriny calibration of infeciive progress possible, is unknowm to

. many investigators. e trerefore list, in table 1, a synovsis of the diffler-

+ ences obt.ined in the course of jubercular infection of guinea pigs with

Col differant doses of the same strain of 1B bacilli. Ia this connecition, ihe

b question whether the essecially high susceptibility of the test animals during
., the first few uays noted by numerous investizators, und the fatal cases not

o caused by siznificant anatamical lesions within this period ure due to a
“tubsrcular ultravirus® or other Ffuctors related to artificiul infection, siadl
be burred from the discussion.

e LAY
N

48 rovedled by table I, the ce.th times chorten Juistineily with increascd
infective Gosages; however, the shortening occurs in an entirely difierent
) relation than the increuse of the invective dosis. a significuat azcceleraition
; . in the -verase course of infection is obtuined oniy by the imecreasc of the
-y E buciliry uosis to the thousund-fold quentity ~— e.g. Irom O.l*‘f to 0.1 n3 wau
: ' . Srom C.1 ias to C.1 g (). Sizee the calibrution of the bacillary wosis ener-
' 11y is set within mach nurrower bounds, it is not surorising that 2 corceluiion
setween infective dosis uud infective progress has ofben bzen aoubled. In
- Tuis connection it showlc be re.edivered that the amount of C.1ly of moist 5
3 K Cacilli, zétordin: o custonnry esiliies, stiil rearesencs Lie enoryous Lo

' : of 100,C00-200,030 ser.:s.
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R Clotedn: Lo Vodle vieulence.
~LSaksu il very low. covoloplny dis-
sowd oo iaTalfl, LU Ll 052I0N2 W caSe runnaly nro_ressing T8
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Wlio Jers ol L ocunvala sinail (Toee,, wilch rewondinonily Sl the lungs.
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Choawd 3.0U.llZ LnIoCWLVe COalulon., .noegbTenely charactiorisiic, ..cube dise

; €ome  Vievll, me-uiil 0 acllo adlio 2e0 geeks (Mrizze 1, soiester & lLeyer 2).
{ i COTL i Vil SU wivos wlevao? fose are concentrabew On 4 Vory Larcow
; ‘ laoovale et GAller oo nlss 0F Gisecse, denailienu on the viru- |
i lowce o sl Llwsllo, wisoels, wre Jrogque.lly seen i. the cowrse o exctensive
t : Arveslizsations, alliodsl 100 wol e L. SuSh covious foru,
: ; {voncliusion follows)
: ]
i vabie L. ue.th dinzs (Ln J.rs) of juineu pigs .iber subcuiancous ine -
! fectiorn witi e T2 pacioli, surin b.l; infeccica on 3 .arch 1933,

W0danad ) Infective dosis
%) weries a series 31 oserics

0.00C1 m3 0.1mg - 0.

series ¢
mg 100 oz

L

id 10 1z 10
15 27 13 10 B
8 20
C 20
39 39 42 25 )
L5 A 45 33 ’
45 L 45 3

53 52 L7 38
57 52 52 39
75 53 52 39

o
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e rmenpes
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50 ond 0w =W 00
B
@

4 12 76 53 57 Lo i
- 13 77 53 & 46 ;
g 1 £ 55 65 49

15 93 ol 67 49

1 ' 16 111 66 03 50
\ 17 a2 68 68 52
4 15 i1, 75 59 52
19 153 76 7o 5L

20 isl : 1c3 71 72

%

A

i averaze: 52 50
73 2 S 39

i {#*) “he anizals are orcerea accoruing to their survival iine.
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