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a cloven hoof indicates to  the observer the 
foriiis of the teeth, of all the big bones, thighs, 
shonlilers, and of the trunk of the body, of the 
aaimal which left the mark." l 

7V. P. BLAKE. 
Mill Rock. New Ilaven. 

THE VIRULENCE OF CULTITTATED 

AN TEillAX VIRUS. 


E x p m i m e ~ ~ t a lstudies on the artificial attenuation o f  the 
infeclious properties o f  17~e bacillz~s of  A n t l ~ r a z  by 
means of  cultiaation. By Dr. R. ICoca, Dr. 
GAFFIIY, and Dr. LOEFFLER. 

ili'ittheilz~~~gen qesundizeits-anzte.aus dem Kaiser l i che~~ 
Zzue i te~  band. Berlin, 1884. (hxtract from the 
pnblicatiol~ of the imperial board of health of 
Germany.) 

Pnsrcoa's an~louncement that  the parasites 
of malignant Anthrax were calsable of changing 
their characteristics ~ v h e n  cultiratecl under cer- 
tain conditions, alicl tliat when tlias modified 
they coalcl be used for protective inoculation, 
aroused the greatest interest among investiga- 
tors. Such a statement could not be accepted 
without coi~fi~niat ion a t  the hands of other 
observers; and none were better fitted for 
this task than the Royal health commission of 
Germanj-, a t  the  head of which stalids Dr .  
Robert Iioch. 

Tlie experiments, which mere instituted un-
der  his direction, have been carried on for two 
years, ancl liave slion,n, that ,  although the ba- 
cilli could be  rendered harmless, their protec- 
tive power was not so  great  a s  mas expected. 

T h e  origilial co~nrnunicatioii of the French 
suvant mas not exact  in  the details by which 
the  experiments were t o  be carried out,  arid 
Koch had t o  e m ~ l o y  rnucli time in preliminary 
studies. This  cannot, however, be considerecl 
a s  lost, since many valuable facts h a r e  bee11 
obtained by  it. 

Accorcling to Pasteur, if the cultiv a t' 1011s were 
kept  a t  a temperatare constantl- maintained 
betmeen 46"and 43" C.,the virulence gracln- 
ally decreased until the ninth day,  when i t  was 
entirely lost. By removing a s l~ec imei~  on any 
day,  ancl allowing it  to  germinate a t  a tempera- 
ture  of 37" C., i ts  activity a t  that  stage could be 
perpetuated, and thus any degree of virulence 
tliat was required could be preserrecl. Two 
such cnltures of different strength mere used 
for protective inoculation, tlie weaker of which 
was called tlie premier, and the stronger the 
dez~ziBn~evuccin. 

Koch commencecl his investigations in  the  
following way. A liiouse was irijectecl with 
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blood contairlilig spores of tlie bacillus, which 
hacl been kept  five years, and was liiiown t o  
be  of great  virulence. 

T h e  aniinal n a s  killed a t  the end of tnrcntg- 
four hours, and a minute quantitj  of the spleen 
was talrell on tlie 11oi11t of a platinuln nretlle 
which liad been steiilizecl bj heat,  and soal l  i n  
a glass b111b containing twenty cubic centi-
metres of chicken-bouillon ne~~tral izet lwtth 
sodic carbonate. Tlie bulb was tile11 sealed, 
a1lc1 placed a t  once in  a constant-trml)e~,attire 
apparatus, which as kept  betitecn 46' and 
43" C. 

S:~mples were ta l ic~i  daily, and tested upon 
animals ; but, contrary to  the proii~isc~tl result, 
the growth mas fomid to be  ns cleadl~ for small 
aniul~alson the 11i1ltli 3s on the first day. Fur -
tlier cnltiratioa proved, however, that.  in a 
period varj  ing from eigliteen t o  t n  e~rty-nine 
days, tlie infectious property mas entirely lost, 
although tlie external ap1)earnace of the hacil- 
Ins mas nnalterecl. Tlllls far, Yasleur's asser-
tion w:ts substantiated, except in regard to  the 
length of time. A portion of this n a s  taken, 
and alloi~-ecl to grow a t  xi1 ordinar) tempera- 
ture for two years ; ancl cluling this tilnc there 
has been 110 e\iclellce of a return of ~ ~ r ~ ~ l e n c e ,  
no1 has the form changed. Tliese bacilli are  
as  ilnnlorable as  the active o n ~ s  ; t l lc i~ ends 
appear sharply tr~1ncatecl ; t l i r j ~  form long fila- 
ments, ill nrhich are developed ora l  glancing 
spores. Vaccination wit11 this entirc ly Inac- 
ti\.e forin did not give immunity against inocu- 
lation witli tlie virulent one. 

'I'hose of a slight degree of force mere next  
triecl. A t  the end of twenty-four d a j s  a cul-
ture  mas obtainecl ~vhich ~ o u l c l  kill mice, but  
not guinea-pigs or otlier small aniliinls, hut 
still did not reader them safe. Tliis pnrticular 
form ICocli spealts of as  ' mouse a n t l l r a ~ . '  

I t  v a s  thought that  perhaps this replesented 
the second and tlie inactive form, tlie first vac- 
cinatioii of Pasteur. Accordingly, a sheep 
nlas triecl, but it  succumbecl t o  tlie m a l i g ~ ~ a n t  
form as quiali-1y as ever. I t  was liest p~oposecl 
to  use three or  more ;preventive inoc~~la t ions  

ancl, ~ccorclingly, c i i l t ~ ~ r e s 
from the fifteenth d a y  
were talrea a s  the first, from the  eleventh as  the 
second, Sroni the n ~ n t l l  as  tlie t h i ~  el, and from 
the fifth as  the fourth, ancl tliese were follo~red 
by  tlie virulent form. Iri this manner seven 
sheep, seven rabbits, and eleven guinea-pigs 
were tried. A t  the end, all the i .al~I~its allel 
guinea-pigs, and five of the sheep, lincl dled. 

Iii order to  determine whether tliere might 
not be some other difference, specimens of the 
raccinutilig-material, a s  fnrnislied by Pasteur  
through his agent,  mere ljnrcllascd, and proved 
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in  regard t o  their power. The  first corre-
sponded t o  the ' mouse anthrax ' ( that  is,  a cul- 
ture from the eighteenth to  the twenty-fourth 
d a y ) ,  while the second raccinatioa corre-
sponded to the ninth day. S ix  sheep were in- 
oculatecl with these ; and out of these, one died 
after inoculation with the malignant form. A s  
a resnlt, i t  can be stated, that ,  after the most 
careful protective vaccination, a n  unconditional 
immuility against infective inocult~tion is not 
reached in all cases. Koch thinlis that  Pas- 
teur's perfect success must he clue to  the fact 
that  the malignant anthrax ~ ~ s e d  liirn mas 
not so virulent as  he hiinself employed. 

'I'he cause of the cliiniuution of rirolence is 
regarclecl by Pasteur  as  clue to  the  action of 
0x5 gen ; hy ICoc11, on the other haiicl, :is clue 
to  the effects of temperature alone. eve11 so 
small an amount as  a few tenths of' a degree 
C.  cansmg a mailiecl variation in  the lengtll of 
time required t o  render the bacillos perfectly 
harmless. Chaureau ' i  experi~iients also point 
in  the i a n ~ e  direction ; for while i t  toolr. from 
three to  four weeks, a t  a temperature of 42.3" 
C.. to reach the clesired result. i t  could he at-
tained in a few clajs a t  4:i0 C..  ancl in  a few 
hours a t  4'3" C . ,  while a few minutes sufliced 
if a tenlperatnre of from 30" to  53" was used. 
T h e  lower, howel-er. the temperature,lhe morc 
surely is tlie attenuation p r e s e r ~ e d  in lntcr cul- 
tiyations. NTheu developed in tlie boclics of 
aniil~als for several successi\ e generations, 
Iioch fo~mcl that there n7ns tul occasional tencl- 
e n y ,  011 tlie one hancl, for a nenlier forin to 
become more pon,erfnl ; and ,  on the other, for 
n stronger to become vrealier. ISnt, as  a rule, 
the clegree mas preserrecl unaltered, as  in  ar-
tificial cultures. 

T h e  scientific fact tll:rt sheep coulcl be ren- 
cleretl safe against inocolatecl au thras  mas con- 
firmed by  these experirnents. The  qnestion 
then arises, How d o  t l ~ e  vaccinated animals 
conduct themselves against nntural infection? 
A s  is well knowil, different l\inds of aililnals 
differ in this respect. Cattle, for cxample, are 
very refractor? to  artificial inoculation, n hilc 
they are  7 e r j  oftcil attnclietl from a natnral 
source. Pctsteur regalds the natural source of 
infection as  inncli less liable to produce the 
tlisease than the artificial. I I is  liletllod of 
placing a nnmber of vaccinateel animals in a 
~neailow. in  which notorious cases had oc-
curred, is capable of such great errors that  
it  cannot be relircl upon for scieiltific ncco-
racy. 

What  is the inost coinmoil way in which 
natural in fectioa occurs? One method analo- 
gous to  inoc~~la t ion  is  from the bites and stings 

of insects, who leare,  a t  the same time, spores 
of the bacillus, which may be attached t o  their 
bodies. Another is  by  the inoculation of 
scratches in the mouth, caused b ~ -sharp parti- 
cles of fodder. 

Koch believes, however, that  tlie intestine 
itself is tlie common place of entrance for the 
parasite, but oilly when in the condition of 
spores. 

T o  show this, a portion of the spleen of a n  
animal wlio had died from :rnthrax was put  
inside a sinall ball of potato, anel placed on the  
l>ac.lc par t  of the tongue of a sheep. I n  this 
n a y  any danger of wouncling the mncons 
ineinhranc of the mouth nas a \  oitlecl. (Since 
spores are  never forrnecl ~vi thin thc bocly, by 
tuliing a portion of the organs, as  above, it  was 
lrnowa that  i t  mas the bacilli alone that  n-ere 
introclncecl.) 1.:) ery csperimeiit failecl. even 
after enormous cloiea, ancl t l i~ i s  piovecl that  the  
bacilli are clestroyecl in  the stomach, :rncl a re  
therei'ore not in  a co~~clitioilto  produce intes- 
tinal an thras .  \Then, however, the h:lcilli 
were allowecl to  produce spores, ailcl these were 
given, every unimal dicd. The  esainination af- 
ter death shon ecl that  the spores harl d e ~  eloper1 
in the intestinal tract,  and the hacilll had ia- 
.iaclecl the hotly from these. I t  is t l icrefo~e in 
the highest clegree probable that  tlie itltrocluc- 
tioil of spores with the food is the inost c o n ~ ~ n o n  
iource of natural infection. T h e  alnonnt mould 
never be so great  a t  one time a s  was here used ; 
but. if smaller doses nere  repeatedly gixen, the 
picture of a n  ordinary epiclernic coultl be nearly 
reprod~~cecl .  

Cattle could riot be obtainccl for experiment ; 
hnt ail examination made on a cow who hacl 
died from natural infection sllowetl s i~n i la r  le- 
sious i n  the intestines to  those for~ncl iil the 
sheep. 

A4ilimals wit11 a single stoinach could not 1)e 
infected in this ay. 

Finally the effcvts of l~rotective iiloculatioil 
were tried. 'I'en iheep were talcen : five of 
these were vaccinated with lnaterial obtained 
from Pasteur ,  of two different sti~engths ; and 
f \ e. accortling to 1Coc11. nit11 c u l t ~ u e s  of the 
fifteenth, eleventh, nintll, ant1 iifth day.  'Vlley 
n e r e  the11 fed nritll spores. A s  :x re.iillt, two 
of the first series diecl, but none of the sec-
ontl. 

From these few yet ~miinpeachal~le  experi-
mcl~ ts .  Iiocli concludes. that ,  for a certain n1un- 
her of animals. absolute i m r n ~ i n i t ~can he 
obtained: but he doubts wliether a simple 
aaccination, with only two dltferent degrees of 
atteni~ntion of tlie \ i rns ,  is  snfficient t o  give 

"1perfect protcct' 1011. 


