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INTRODUCTION . 

TJig J>l llj>o .~e of t hi H co tnmunif'a l ion i;; to place •O n reco rd <I nunilll'r 
of e :o; perilll e nh. ha\· ing· <h Ptlll , tlw pro dtH.:hon of a ,.,tccin c ,,·h ich, 
,,·he n parPnter<tlly in tro1lucPd i nto ;-; heep , ,,·oul<l coJb i;; ten t ly p ro tel't 
them again st naturally-occm·iug h lac k lf \.Wd er. \Yt> lui\ P n o in te n t ion 
of 1·e yi e ,,· ing· the Yery P.xten;;iYe li ter;t(ure on the ,; uhj ed; onl y t hosp 
inYesligati o n ~ haYi ng n flired lll'arin g ·On t hi ;-; p iel'e of rese;lrch \\'il l 
l>e q uot·ed. 

Abo u t te n year:;' exp e1 ieul'e in th e procl 11dio n of hl::u ·k qu a rtPr 
,·acc: in e ha s taught om· of u ;; (J.H., ' .) t hat a Ya cc:i n e whi ch ~o illl.lll11 -
n i2ec; six exp<·rillll'Jda l sheep t h at they ;t ll , ,·i t h;;tancl <m e or hY o 
leth;d llnsl•;-; of('{ . chavrcci cu lt ure ( introduced intnlmtt s<·ubrly), ,,·il l 
pron· .~<li i ~bdory in t h e fit>ld. On t h1· oth er h <tttll , ,,·h e n h \·o o r 
t ln ·ee of ~ix expet·imen ially immnnizP<l :-;lt t>ep fa il to n•,; i,;t the in jec
t ion of OJIP L11a l do~e of culture , repo rt ~ o n th e lac·k -of pro tel'l ion to 
I he nn tu r ;t\ cl i:-;ea se mny bH expl·ded. 

'1'\te ,,·ork. ;tl)() u t k> he lle tailed , wns i niti a ted l>y bilur(-' of ;1 
!lllllllwr o f ,-,lcTinc•,; t o procluc·e sali cJad-or.'· immunity . Th e• ,·a!'!'iJlP, 
iss tlf'cl h -o 111 t lt i .~ Llhor;tlory , ,,·n ,.; m<tcl e in a nwnner ,; intilar lo that 
clesnihPcl hy \ ' iljm·n nncl Sc·h eu hPr ( l D'2i )* . F m a nttnil t<• r of yea rs , 
.s ul'h <~ Jil·ophdaciic· gave c·-on,; istent l.\· g-oo<l r esult ,; hoth in P., pe r i
mPnt .s nt ()nd l' rs tPpoort ancl i n t.h <• fi elcl. From IU':'S 011\\·anl ,; t !t r 
pmtc>C"I io n nfforclecl hy t h e \'<tC'f'in Ps ( prepa re1l in m ulti pl es of -1-IJ l itt·e 
q unn titir,; ont·1· or h\· i!'e p Pr lll-ont !t ) s [o ,,·l y began to (\cnens<•, t o 
such nn Pxte nt that ,.;o 111 e ha tc h t>s h;ul to h e di .~canle cl iu \ !J:li - I U:J':'. 
A lthough p,·e r_,. p oint in th e prepaTah on of the m ed i11ln , i 11 t he 
!'nlture for i no!'ulati on and in t he t reatmPnt of Y<HT i ne "'·nr-; c- h l'r-kecl 
up , only c>11 e clt>partur e fr-om t h e presnibe cl procecl ure ,,·a s cl iseoYerecl . 
This '"" " tha t t he medimn ,,.,, , ;n ttoclaYe<l at l LJ0 C'. in 2 0-l it r e flu;;ks 
on t,,.o :i ll<TesstYe cla:-·s for l'our ho u r s instPacl of preYi onsl _,. 

* See appendix for descrip tion . 
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for one hour on three succes::>iYe days. 'l'he raising of the patho
genicity of the str ai n by repeated passage through guinea-pigs did 
not lead to an improvement in immunizin g Yalue of the prophylactic. 
On e of u s (J .H .YI.) who h as had s·ome experien ce in the pr'Ofluction 
of formol-toxoir1 s and anacu ltures of Cl. welchii, Types A and B* 
(vVilsclon 1931) and of Cl . septicmn suggested that the med i mu u,;e(1 
(a liYer infusion, pept·one, salt awl glucose plus liYer par ticles) " ·as. 
unsuit able but against t h is t here \Yas the eYidence of the good result-s 
in t he past. HcnYever, in view of t h e good r eomlts obtain ed with 
R ober tson'st (1916) meat broth in t he pro(1uction of toxins of other 
anaer·obes and of t he poor results ol.Jtainerl with liYer mer1ilJln with 
these other anaerobeii (unpubl ish ed experiments of J .H .}I. ) it " ·as. 
<lecic1erl to test ·out meat l11·oth ''"ith Cl. chm1 rr£i. 

EX PER !MENTAL 

Strains of Cl. chauYo.>i vsed :-

(1) 64--Isolated from a natmal case of black tpJar ter lll a 
h eifer in \ Vaterberg ('fransvaal) in 1929. 

(2) D- Originally isolated from the m usd e of a hoYin e dead 
of black quarter , in Europe . 

.ll erlia : -:Meat broth \Yas prepared as noted Jn the appendix. 

Sloppy agar "·as a boi lecl extract of horse or donkey musde, 
plus 1 · 0 per cent. peptone, 0 · G per cent. X aCl and 0 ·16 per cent. 
agar. 

1'he rou tine liYer medium " ·as prepared as noted in appendix, 
and " ·ill be referred to as " routine medium ". 

The sheep haemolysecl r·ed eells serum mixture \Ya ,; ]Jrepared in 
the manner described hy M:ason (1934). 

Small amounts (10 c .c.-2,000 c.c .) of meat broth were autocland 
for· half an h ou r at 1Hi° C., i.e . the temperature was h eld at 115° C. 
for h alf an hour after haYing reached this point. '1\>enty-li tre 
quantities of meat broth "Were au toclaYecl for 4 hours on each of two 
successive (lays . Small quantities wer·e boiled for from 10 minutes 
to 2 hours and rapidly cooled just prior to inocu la tion. r..~arge 
qmmtities (20 lit res) of mecliu m \Yere allmYed to cool for 2-± hours 
l;efore being seecled . 

The pH of all merlia was adjusted to 8·2 just prior to au to
claYing and usually, hut not on all -occasions, with all medi:1 except 
the r outine, the pH was again adjusted to 7 ·G-7 ·8 " ·ith X 11 KaOH 
before boi ling , or in the ease of 20-litre amounts, before seerling. 
The r eason for t hi s " ·as because the pH -of media con taining meat 
particles usually fa lls ·on st-orage. 

* Type A = class ical Cl. 1relch ii. 
Ty po B = the " lamb cl~·senter~· bac illus" (Dalling, 1928). 

t See appenll ix for pre paration. 
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'l'he inoeulmn for m eat broth m eflia was, unles~ oth en 1·i,;e 
stated , an 18 hours m eat b roth (plus h aemolysed eells and serulll ) 
culture and £01' the 1·ou t in e medium, an 18 hour s' YOH H ibler cul h tr e . 
'l'he amount of th e iuoeulation Yar ied- for one- to t wo-litre quan ti
ties, 10-20 e .e . wa~ added all(l for 20-litre mnoun t s, ahou ( :)0-100 e.e . 
was seeded oYer. 

The length of incubati-on 1·ar ied and will be n oted Ull(l er ead1 
experiment; t h e treatmen t of th e culture after g rowth \\·ill also he 
noted unc1er eaeh experimen t . 

The virulen t m ater ial u sed t o t est t h e immunity in s lteep \Yac> , 

for m ea t broth antigens, a young (18 h ours') m ea t br·oth (plu s haemo
l,p;ec1 eells) culture . "G su ally, su eh a cultm·e '"as p roduced by seed
ing a t ube of m edium "·ith th e h ear t blood and / or liYer of a guinea
p ig killed by the intramuscu lar inj eetiou of the ger m . In any case , 
th e organiRms in t h e t est c:ultur e \Yer e n eYer fa r r emoYec1 from an 
animal passag e . F or t est ing animals 1·al'cinat.ed " ·i th r outi n e Y:l c
f' ine , a guinea -p1g passage eulture in Yon H ibler' s m edium 11·as 
u tmally employed. 

To eompa.re t h e imum n i% ing power of antigeu s p repa1·ed (1) in 
meat broth p lus 5 per cen t. of a mixtur e of equal parts of sheep serum 
:mel h aemolysed r ed cells ; (2) in 0 · 15 per rent. sloppy :~ g-ar plus the 
sam e mixture; (0) in m eat broth pl us l h8 :-Jame m ixtur e l>u t 11Slng ' ' 
different ehauvcei strain ; an cl (4) by us ing the 1 ·6 p er eent alum 
preeipitate ·of th e anaculture prepared from (1) . 

'f"· o litre quan t ities of media (1) and (2) wen' :Hl justed to pii 
7 · 8, boiled for one hour, C'Ool ed and , afte r the a dd ilion of h aemo
ly secl cells a nd serum , inoeu ln ted \Yith a guinea-p ip: paf>sa g e eu lt u1·e 
of strain G4; to an other fla sk of m eclium (1) strain D \\·as a cl,1ecl. 
A fter three clays ' incubation at 37° C., th e meat " ·as r em oYecl from 
th ose flasks containing it, am1 to ::~ 11 eultu r es enough fo rmal in (-±0 
per cen t. fonna ld ehy cle) " ·as a1lclecl t o nwke a 0 ·-t p er ce11t . C'On(·en
tra ti{)n . (In f ut ure t his will be r efe rrecl t o as" adc1ing 0 ·-± per ce nt . 
form alin " ) . Th e fl asks " ·ere then iu cnha(Pcl at :Ti ° C. for three 
clays . The sloppy agar eul tu r e '"as con taminated with <t c;oC' eu s, t h e 
meat broth cu ltures were not contaminated and all anacu ltnres \\'81'8 
sterile .* T o 200 c. c. of t h e a naeu Hu re (1) 3 gm . of potash nlnm 
11·as afh1 ed , the p reeipitate IYash e(l t h r ee times in ;;a line an cl fi nall~· 
fHl Rp ended i n 200 c.e . of 0 · !) p er r en t p hPnQl-saline . Sheep rec-eiwd 
suhcutaneousl:v 10 ·0 c .e . of t he one or t h e other a ntigen on ] 2.4.00 
and "·ere test ec1 for immu m t v on 11 .0 .T3. T ahlP I r ef'ordR th e 
results. · 

* By "st e rile" is meant t ha t 5·0 c.c. of nnaculture. i n 50 c.c. of meat 
hrot h plus ha emolysecl sells nncl serum . produce<'! no g r owth afte r 7 d aYs' 
in cuba t io n a t 07° C . a nd t h at 2·0 c .c. i n t r od uced, intramuscularlY in t o 
gu inea pi gs caused no m or e t han a. sli ght S\Ye llin g of t he leg. · ' 
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TAnLE I (E xpt. S. 5003). 

h mnunizing p MceT of Cl. ch auYwi ?Jaccines, noted in E .?J]Je7'1rnent 1. 
10 c .r . vaccine injected s .c. on 12.4.33. T est with cultU?·e 1·.111. 

11.5.33 . 

Vaccine. 

l. H. F. meat broth + 
Hm. cells (strain 64) 

2 . Sloppy agar + Hm . 
cells (strain 64) . . . . 

3. H .F. meat broth + 
Hm. cell; (strain J)) 

4 . A lum precipitat e of 1 

Sheep. 
Test with living culture i .m. (c.c.). 

1 0 2·0 3·0 

1 (35789) L 2 (21756) L 3 (35523) L 

5 (35857) t 3 6 (35789) t 2 7 (35854) t 1 

9 (34478) t 2 10 (35521) L 11 (33611) L 
13 (31588) L 14 (37019\ L 15 (35794) L 

4·0 

4 (35859) L 

8 (37021) 'i" 1 

12 (35850) L 
16 (35355) L 

·---- - - ---- -'----- ---- ------ - -------

Controls: 17 (35517) 0 ·5 c.c . . . __ _ . ... __ t 1 
18 (35537) 1 ·0 c. c. .. . . . . . . . . . t 1 
19 (35542) 2 -0 c.c... . . ... . . . . t 1 

(L = lived ; t 1, t 3 = died 1, 3 clays; H.F. = horse flesh; 
Hm. cell s = sheep serum and h aemolyscd cells mixture.) 

He:;ult .- A t the time when thi::> experiment was t:aniecl out, thP 
approximate lethal close of a culture, prepared in meat broth hom 
a guinea-pig passage culture \Yas not known; later tests shmYecl t hat 
0 ·1 e .c . of such a culture killed a sheep in from twenty-four to forty
e ight hours . On the assumption that the :JI.L.D . of the culture, 
use1l in E x perim en t 1, was of this order, it will he seen that threP 
of the four .-accines so imm unized sheep that th ey " ·ithstood r~bout 
40 leth.d !loses. A probable explanation for the fa ilure of the sloppy 
r~gar flll flculhue to immuni ze is that the c1lltnre giYing it origin \HIS 

<.;Ontami nated with a coccus. 

E:~:zJeriment 2. 

To compare t he immunizi ng power of (1) anacultures llta(le in 
hm-se-:fle;:;h meat broth and ox-flesh meat broth, (2) the alum 
p1·ecipi tates of t hese vaccines, (3) routine vaccine, and (4) the alum 
p recipibte of a rou tine Yaccine . 

The horse an d ·OX flesh broth s, in 500 c.c. quantities wer e treaterl 
as noted under Experiment 1. The routine medium, in 20-litre 
amounts, was inocula ted with a Yon Hibler culture of a guinea-pig' 
passage strain and treated as noted in the append ix. Strain 
64 was u sed throughout. Sheep receiYed 5·0 e. c. of eaeh Yaccine 
snbcutaneOURh · Oll 29 .5.33 anfl \Yere tested ·On 21.6.33 bv the intra-
1111\SCUlfll· i n je~;tion of eulhne (18 hours' meat br·oth culhn~e <Jf g-uinea
p ig pu s:;nge stra in of G4) . Table II r ecord s the results. 
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TABLE II (Expt. S. 5050). 

hnmun'izing powe1· of Cl. chauvrei 1Jaccines, noted in E .?Jpe1·iment 2. 
S heep injected s.c. on 29.5 .33. Tested with cultu1'e 1·.m. 21.6.33. 

-
Sheep. 

Vaccine. 
Tested with living culture i.m. (c.c.). 

2·0 
I 

4·0 
I 

8·0 I 16·0 

l. H.F. meat broth + 
Hm. cells .. . .. . .... 1 (37549) L 2 (37617) L 3 (35514) t 2 4 (26647} L 

2. Alum precipitate of 1 
3. Ox flesh meat broth 

5 (37668) L 6 (36796) L 7 (35778) t 2 8 (32944) t 2 

+ Hm. cells ....... 9 (37456) L 10 (37651) L ll (35536) t 2 12 (34510) L 
4. Alum precipitate of 3 13 (37533) L 14 (37394) L 15 (35550) L 16 (32502) t 2 
5. Routine medium. Ana-

cult ure. F lask 552 . 17 (37577) t 3 18 (35774) t 2 19 (35551) t 3 1 20 (33116) t 1 
6. Alum precipitate of 5 21 (37638) L 22 (35530) t 1 23 (35512) L 24 (34367) t 4 
7. Routine medium, Seitz 

26 (35515) t 1 1 27 (37539) t 1 1 28 (35024) t 1 filtrate. Flask 552 .. 25 (37556) t 1 

- · 
Controls : 29 (37524) 0 · 3 c.c.... . . . . . . . . t 1 

30 (37200) 0 ·5 c.c .. .. ........ tl 
31 (35799) 1·0 c.c .... .. . . .... tl 

(t 1, 2 = died after one, two days; L = lived ; 
Hm. cells= haemolysed sheep cells pus serum.) 

llesult.- On the assumption that the ~LL.D . .of the test culture 
\Yas about 0 ·1 c.c., it will be seen, from the results giYen in Table II, 
that the anacultu res prepared in both horse and ox flesh meat broth 
so immunized some sheep that they withstood 160 lethal d-oses of 
cultures. The results do not indicate whether or not the alum 
precipitates of these anacultures " ·ere better or worse immunizing 
agents than the anacultures themselves. The routine Yaccine both 
as an anaculture and as a filtrate \Yas definitely inferior tQ the meat 
broth vaccines. 'l'he alum precipitate obtained from the routine 
anaculture proved to have oonsiderahle antigenic power. 

To test the immunizing power of anacultures made in (1) hmse
flesh meat broth plus (a) 5 per cent. sheep haemolysecl reel cells, 
(b) 5 per cent. ox haemolysecl red cells, (c) 5 per cent. horse haemo
lysed red cells, and in (2) ox-flesh meat plus (a), (b) and (c) . This 
experiment was carried out because .of the difficulty tha t would he 
experienced in obtaining sufficient sterile serum for 100-200 litre 
quantities of medium. The haemolyse<l cell solutim1 " ·as prepar ed 
by adding 80 c.c . .of blood to 120 c.c. of disti lled \Yater containing 
2 · 0 c.c. of a 10 per cent. pot. oxalate s-olution; excess ether was then 
a<lcled, the mixture shaken and finally incubated f.or 24 hours at 
370 C. The sterility of the cell solutions was proYecl before their 
addition to th e m edia. The meclia were contained in 500 c.c. flasks 
and a guinea-pig passage culture of C. chawvcei, strain 64, was u sed. 
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The heatment of the culture,; and anacultures \Yas as detailed under 
Experiment l. Sheep received 5 · 0 c.c., subcutaneously , of the 
various va<:<:ines on 7.7.:33 and "·ere tested for immunity on 25.7.33 
{intrmnuseular injection of strain G4). " 

TABLE III (Ex pt. S. 508i1) . 

The immunizing pmcer of CT. chanum: anacult1t1'es m ade in horse anrl 
o.t; flesh meat b'l'oth plvs haenwlysed red cells of tlw sheez!, 0.1; and 
horse (no senun). Sheep recm:Ted 5 ·0 c.c. of 'Uaccin e s. r . on 7.7.33 ; 

test 25.7.3:~. 

Sheep. 

Vaccine. 
Test with culture i .m. (c .c.). 

l. H . .F.M.B. plus 
(a) Sheep Hm. cells ... . ... . ... . 
(b) Ox Hm. cells ............. .. 
(c) Horse Hm. coils ........... . 

2. Ox F.M .B. plus 
(cc) Sheep Hm. cells ...... . .... . 
(b) Ox Hm. cells .. .. ..... .. .. .. 
(e) Horse Hm. cells .. . . . .. ..... . 

--------- --------------------

1·0 

1 (37155) L 
4 (37756) L 
7 (37702) L 

10 (37290) L 
13 (37309) L 
Hi (37224) t 2 

2 ·0 

2 (3fi;):J:l ) t 1 
5 (37229) L 
8 (35793) L 

ll (37684) L 
14 (37405) L 
17 (37335 ) L 

Controls : 19 (37494) 0 · 2 c.c. . .. . . . . . . . . t 1 
20 (37678) 0 ·3 c. c. .. .. . . . . .. . t 1 
21 (37680) 0 ·4 c.c.. .. ....... . t 1 

4 0 

3 (37303) t 1 
(i (37384) L 
9 (36541) L 

12 (37894) L 
1.5 (37431) L 
18 (37430) t 2 

(H.F. = horse flesh; Ox. F . = ox flesh; M.B. = meat broth ; Hm . ce lls = 
haemolysed red cells (no serum); L = lived : t 1 = died 1 day.) 

Res11lt. --It is llouhtful i f the resultt> given in Table III ~ne 
Teall;y· sig-nificant. It '"ill he notieed that the vaecine nmde from 
horse-flesh plus sheep celb was poor and that plus horse cells \Ya s 
g-ood \Yhereas the reverse held g-ood \Yith the use of ox flesh . A Tepeat 
test \Yith the same first mentioned two vaccines gave r esults com
parable 11ith those re ported in Table III. 

Kvperiment 4. 

To t est the immu nizing power of anaeultures made in horse-fiesh 
me~1t broth plus (a) 5 per cent . sheep serum (b) 5 per cent. of a 
mixture of equal parts of sheep serum and sheep haemolysed red 
<:ells, ami (e) 5 per een t sheep haemolyse<l reel cells. rrh e serum wa s 
obtained fr.om the clot and the haemolysed cells as noted umler 
Experiment 3. Ether was added to these three products and 
inrubated \\·ith them for 24 hours . Sterility was proved prior to 
their arldition to the merlia . Flasks of 500 c.c . capacity \Yere used , 
these an ll the anacultures being treated as noted und er Experiment L 
Sheep n eceived 5 · 0 e.c. of va ceine subcutaneously on 16.8.33 and 
were te8te<l for immunity on 30 .8.3;) by the intramuscular injeetion 
of a guinea-pig passage strain of G4. Table IV records the results. 
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TABLE IY (Expt. S. 6122) . 

The unmu1nzmg pou;er of Cl. ch auvmi anacvltures made in horse
flesh m eat broth plvs sheep seru m , sheep haemolysed nd cell s and a 
mi:rtw·e of cells and sennn. S heep received 5·0 c .c. of 1.:accine s.c. 

on 1G.8.33; test 30.8.33 . 
==c..================'-==--- ---=--''-·---

Sheep. 

Vaccine. 
Test with cult ure i .m. (c.c.) . 

2 0 

H.F.M:.B. plus 
(a) Sheep serum . . ... . . .. . l (32951) L 

4 (35007) L 
7 (3724 l ) L 

2 (33927) L 
5 (350 19) t J 
8 (:37896) t 2 

(b) Sheep Hm. cells ... . .. .. ... . 
(c) Sheep Hm. cells and serum .. 

Controls: lO (37509) 0 · l c.c...... ... . . . t 2 
11 (37623) 0 ·2 c.c .... 00 . 00 00. tl 
12 (35526) 0 3 c.c. 0 0 0 0 0. 0. 0 0. t l 
(t = died . L = lived.) 

4 0 

3 (:3393!!) L 
6 (36770) t l 
9 (36!!32) t 2 

R esvlt.-The in d ication g iYen in Table I V is t hat the all<lition 
{Jf sheep serum to m edium pr-odu ces a better vaccin e t han the addition 
of sh eep haemolysed red cells. 

E.T]JPt i m.ent 5. 

As for Experiment 6 , but u s in g h orse serum a n<l horse haemo
lysed r e<l celb . Flasks -of 500 c.c . capa c ity wer e u sed , t h e me <li a 
and a naculhues being treatell as n oted under E x perim ent I. 'L'h P 
inoculation and the test cultm·e were gu inea-pig passage strains of 
Cl. chau nri G+. Sh eep receiYe<l 5 · 0 c.c . Y:1ccine subcu taneously on 
14.!:J .:j;) a nd \\'el·e tested for innnuui h · on 10.10.03. The test ron sistecl 
in t he intramuscular injectioll of " ] ·0 c .c: . of cult ure ; dl shef'_p 
sun·iYecl (three p er g rou p) . A co ni m l an imal receiYing 0·1 c.c. of 
culture liYe<l a nd another getting 0 ·2:) c.<; . <lied in hnniy-four hours. 
Thus, lHl comparison can be m ade of the immunizing value of t he 
three procluds . (Experiment S . 5148 and sh eep 37134, 37157, 37lfi7, 
3723G, 37255, 3728G, 37534, :n s46, 37713, ~H830, 37882.) 

E.Tper ime n t G. 

'l'h e resultR 1·econled in E x perim ell ts l to 5 sh ow that a potent 
an t.igen can he prep ar ed in 500 c. c. qu a n tities of h orse ·or ox flesh 
m eat hroth plus serum an d f or ha emolysecl re<l cells of the shePp, ox 
or hOl',;e . HmYeYer, experimentatio n showed the difficulty of obtain
ing serum ·or haemolysecl cells a ncl of aclrling them to medimu under 
sterile conditions as a routin e measure . For this reason , the nnt.igen 
prorluc:ing po\\"er of Har tle)··s (1922) an d P ope ' s and Smith's (1932) 
dige~t broths ,...-as i nvestigatecl. Tn adcli tion , th e antigen producing 
power of h orse-flesh meat broth p luR i) per cen t . h orse serum an ll 
vlus f'1 p er cen t. horse h aemolysed cells [ these sterilized by in cubating 
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them at 37° C. for twenty-four h ours in the presence of 0 ·1 per cent. 
formalin (40 per cent . formaldehyde) J was ascertained. The media 
Utied were as follows : -

jJJ ecliurn 1.-500 c.c. of Hartley's digest broth, meat particles 
one-sixth to one-fifth by volume; pH adjusted 
to 7 · 8 ; boiled and cooled. 

Lllecli1tm, 2.-As medium 1, plus 5 per cent. etherised horse 
serum . 

Jl ecliwn 3.-500 c.c. of Pope 's " straight line " digest broth ; 
meat, etc ., as medium 1. 

M eckum 4 .- As medium 3, plus 5 per cent . etherised horse 
serun1. 

Jlerhum 5.-500 c .e. of H artley 's digest broth (no meat par 
tides) plus 0·15 per eent. agar. Utherwise 
trea ted as m edium l. 

Jl edimn G.-20-litre fl ask ·of horse-flesh meat broth (broth 
abou t 14 litres, meat particles about one-third 
by volume) . Had been prepar ed for about one 
wee k ; not boiled and pH not inYestigated; 
2 per eent. of 0 ·1 per cen t. formalised horse 
plasma added . 

.lfedivm 7.-As m edium G, but plu s 5 per cent. of 0 ·1 per cent. 
fonnolised horse haemolysed cells. 

!llediwn 8.-As medium 7. 

All fl asks were inoculated with a meat broth subculture of a 
three weeks' old guinea-pig passage culture of strain 64. The 
subsequent treatment was as noted muler Experiment 1. 

Ouler of growth 1:n th e rarious media.-(4 days 37° C.). 

~fedium I. - R ath er poor, (as judged by opacity and gas 
production). 

:Medium 2.-F air. 
~fedium 3.-As (1). 
~fedium 4.-Fair. 
~fedium 5.-E xcellent. 
lfecl ium G.- E xcellen t, (contaminated with a coccus). 
~Iedium 7.-Poor, (<.:ontaminated with a coccu s). 
~ferlium 8.-Good, (contaminated ''"ith a Gram + aerobe). 

The t wo fl asks compr ising media 7 and 8 1Yere treated separately, 
owing to t he differen <.:e in gr owth. 

Sh eep r eceived 5 · 0 c.c. subcutaueously of the yarious vaccines 
on 27. 10 .33 and ''"ere tested for immunity on 16. 11. 33 (a recent 
passage culture u sed) . Table V. records the results. 
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TABLE v. 
lmnwnizing power of v a1ccines detai lecl1'n Experim ent G. 

Sheep i noculated on 27.10.33 ; test 16.11.33 (Expt. S . 5184) . 

Sheep . 

Vaccine. 
Test with culture i.m. (c.c.). 

Medium 1 . . ...••......•.....•.. . .... 
Medium 2 ............•..... . ...... . . 
Medium 3 . . .......... . ............ . . 
Medium 4 ... . ..... . .......... .. .... . 
1\'Icdium 5 ...... . ............•...... . 
Medium 6 ....... . . . ................ . 
Medium 7 ...... . . . .......... . . ... .. . 
Medium 8 .... . . . . ...... . ..... . ... .. . 

·0 

1 (37143) L 
4 (37716) L 
6 (37767) L 
9 (37785) L 

12 (37855) L 
14 (37910) L 
17 (37980) L 
20 (38015) L 

2·0 

2 (37581) L 
5 (37732) L 
7 (37772) L* 

10 (37812) L 
13 (37876) L 
15 (37911 ) L 
18 (37990) L 
21 (38017) L 

4·0 

3 (37688) L 

8 (3i784) L 
11 (37847) L 

16 (37921) L 
19 (37997) L 
22 (38059) K* 

------ ---------------

* V N Y severe reaction. 

Cont1·ols : 

K * Killed 24.11.33 owing to reaction. 

23 (36907) 0 · l c.c. .. .. . .. . . . . t 2 
24 (37712) o-2 c.c .... .. .... .. n 
25 (37880) o -4 c.c .. . .. .. . .. .. n 

R esult .-The vaccines prepared in all m edia produced excellent 
immunity. Even in those flasks in which growth was poor ::mel in 
which contamination occurrecl, good antigen was form ed . 

E .1:periment 1 . 

'l'o as(:erb.i.n if horse-flesh meat broth plus 5 per cent . formalised 
(0 ·1 per cent.) horse plasma could be used as a routine medium for 
the production of vaccine . 

To sen n 20-litr e fta sks of horse-flesh m eat broth (meat particles 
about one-t hird by Yolume) approximately 5 per cent. formalised 
horse pb:;ma \\·as add ed. The m e(li a stood for three day s a t room 
tempe1ahu-e and " ·ere t h en seeded \Y.i.th a Yon Hibler culture of a 
recently p:1 ssaged strain of 64. The pH of the flasks \Yas not. investi
gate(l. I ncubation \Yas for three days at 37° C. and good g-ro,dh was 
{Jbtained in each fia~k , hut a purit~' test r eYealecl a contamination \Yith 
a Gram + aerohe . To the Seitze(l filtrate, O·o per cent. formaliu 
\vas add e(l and i ucnlJation carried on for t h ree cl ay,.; . i::lterility test::; 
on the final produet pa ssed. Sheep receiYecl 5 · 0 c.c. o f vaccine 
subcuta neouslY on 7.10 .33 and \Yere tested £.or immunitv -on 19.10.33 
by the intran1useular injection of a twenty-four honr; ' Yon Hibler 
culture. (Experience O\-er many years has shown that the ~I.L.D . 
of sueh a culture is between 0 ·5 c.c. and 1 ·0 c.c.) 

R esult.-'l'he c·ontrol sh eep receiving 1 ·0 c .c . and 2 ·0 c .c . of 
{;ulture died within thirty-six h-ours. 0£ the vaecinated sheep, on e 
withstood 2 ·0 c.c. an d a nother 3· 0 c.c. of culture; the third suc
cu mbed t o the injection of 4 · 0 c .c. 
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It is difficult to make a fair comparison behYeen the imnnm1z1ng 
po"·er of t hi s va ccine and those pr-oducerl in smaller Yolumes of 
medium, where the inoculum "·as a meat broth culture. HmYeYer, 
the inclica t ion is that th e rlegree of immunity was less t han that 
prorluced by the vaccines made from media and 7 and 8 of Experi
mellt G, where the inoculum was a. meat broth culture. (Experiment 
S. 51G8 ani! sheep 37GS::l, :)7771 , 37777, :)804004, and 38021. ) 

K 1perim.ent 7 (a). 

This " ·as a repetit ion of Experiment 7 with a few mocli fi ca tious. 
The pH of th e horse-flesh meat broth (20-litres, meat part icles one
third by volume) " ·as adjusted to 7 · 8, 3 per cent. of 0 ·1 per cent. 
formolised horse plasm a and 0.20 per cent. glucose \Yas aclclecl. The 
inoculum was a meat broth culture of a r ecently pas,;agt>cl strain 
of 64. Incubation was for four days at 37° C., the meat \HIS remoYed 
and anacultu re made by adding 0-4 per cent. formalin antl in cubat
ing for forty-eight hours. 

Sheep received 5 · 0 c.c. of the vaccine on 9.11.33 aU<l were test eel 
for immunity on 6 .12.33, using a meat broth culture of strain 6-! . 

R esu lt .-'rhe contr ol sheep receiYing 0 ·1 c. c. -of culture died 
within for ty-eigh t hours . On e immunized sheep "·hich r eceiYed 1· 0 
c.c. of culture died , a second whi ch got 2·0 c .c. liYecl , as did a thirrl 
into which 4 · 0 c.c. were inj ectecl. 

One c-ould con clude that the n1 ccine prepared as clescribecl had 
a high immunizing Yalue. (Experiment S . 5197 and sh eep :):)052, 
3G784, 36879, 369Gl. ) 

E "vperiment 8. 

To ascertain the inununizing n tlue of anacultures preparecl from 
mJ e,hYo an cl f{Hll' clay cultures . 

To a one-li tre quantity 0£ clonke)·-flesh meat broth (m eat particles 
one-third by volume) 3 per ce11 t. horse plasma (f.ormoli se<l 0 ·1 pe1· 
c·eut .) ancl 0· 25 per cen t glucose was aclde<l, after the medium hacl 
been boiled for an hour and the pH acljusted to 7 · 8. A direct 
guinea-pig passage eulture of stra in 64 ''"as used as inoculum. After 
one, two, ancl four clays' incubati on at 37° C. , sa mples of culture 
were 1·emoved, formali sed to 0· 4 per cent. and incubated for a further 
forty-eight h ours. Sheep r eceivecl 5 · 0 c. c. of the one or the -other 
Yaccine on 17 .11.03 an<l wer e tested for immunity on 6.12.33. 

R esttlt .- The control sh eep were those used in Exper iment 7 (a) . 
'.rhe sheep receiving the on e, two, and f.our clay anacultures (8 per 
anacultur e) surviYed the intramuscular inj eetion of 1 ·0 c.c., 2 ·0 c .c. 
ancl 4 · 0 c.c. r espectiYely of the same culture as used for the control s. 

Although no answer could he giYen as to the r espectiw immu
nizing values 0f the differen t Yaccines, the oonclusion may be chawn 
that, uncler cer ta in conclit ions, excellent immunity is p1·oclucecl m 
sheep by the use of anacultures made hom one , two or four day 
c·ultures . (E x perimen t S 5201 aU<l sheep 35022, 35528, 36814, 36984, 
:36991, 36961, 37887, 37092, 37408.) 
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E .rperiment !:1 . 

T o aseertain if t here i,; any differen ce in th e immun izing Yalue 
of arracultures made in 10-litre quan tities of donkey-flesh meat hr·oth, 
wh en the inoculmn is a meat broth culture of Cl. chmtr((' i and \Yheu 
it is n von Hibler culture. 

The pH of t" ·o 10-litre flasks .of d<mkey-flesh meat broth (meat 
})m·ticles one-th ird by v·olume) " ·as adjusted t.o 7 · 8. The inoculum 
of flasks A and B was as follo'n: Flask A, guinea-pig liver (killed 
by i .m. injection of strain G4)+-meat broth+-meat hroth+-flask: 
Fla.-k B, g uinea-pig liver (as ahove)+-meat broth+-von Hibler+
vo n H ibler+-fla s k. Incu ha ti on " ·as for 3 days at 37° C. : to the 
m eat-parti cle-free supernatant , 0· 4 per cent. formalin was adrled anrl 
incubation carried on for t hree more days. 

Sheep r eeeiverl 5 ·0 c.f· . s .c. of vaceine on 7 .3 .34 anll were tested 
for immunity on 27 .3 .34. Table YI. reeorcls t he r esults. 

TABLE VI (Expt . S. 5117). 

T o t est t l1 e i nw wn1zntg rn.hte of wwc1tltw·es made in donl>-e.IJ-f{e sh 
meat b1oth zc hen the £noc1d1tm was a meat broth cultw'e and 1ch en 

'l.t ?cas a 1·on H ibler cvlt·w ·e . 

S heep ·inoculated s.c. on 7.3 .34; test 27.3 .34. 
______ _ .. ______ -=== 

Sheep. 

Vaccine. 
Test with cult ure i .m. (c.c.). 

I 

-----------------------o------- 2- o _ _j __ 4_ ·_o 

:2 (38846) t 2 

5 (33893) J, 

Meat broth inoculum.. ... . .. ... .. . . .. \ 1 (36555) L 

Von H ibler inoculum .. .. . . . .. .. . ..... I 4 (36996) t 2 

--'--------' 

(L = lived ; 'i' = d ied; o/n = overnight.) 
Controls : 7 (38629) 0 1 c. c. . . . . .. .. . ... j· o/n 

8 (38:201) 0 2 e.c .... .. .. . . . .. p 

:3 (37129) J., 

6 (36680) tofn 

R es ult .- Th e result given in Table YI. allmYs of 11-0 definite 
c-onclusion being clra" ·n . As t he von Hibler inoculum Yaccine su 
imm unized ·one sheep that it \Yithstoocl at least 20 fatal doses of 
culture::;, it \\·oulcl not appear that the inoculum played a Yery large 
r ole. 

E.tpeTiment 10. 

To determin e the effect on immunity produ ction of altering t he 
pH -of t he merlium, and ·Of the addi t ion of glueose . 

Three 20-litre flasks -of donkey-flesh meat broth (meat particle,; 
one-third by volume) were used. T o two, 3 per eent. of horse plasma 
(0 · 1 per eent. formalised; was added-th e pH of one was left at ()· 8 
and th at -of the ·other brought t-o 8 . 
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'l'o the third flask of medium at pH 8, 0 · 25 per cent. glucose 
was added. The inoculum was a twenty-four hours' old meat broth 
culture of a recent passage strain of 64. After four days' incubation 
at 37° C., the meat was removed frmn each flask, 0 · 4 per cent. 
formalin added and incubation continued for a further three days. 

Into sheep 5·0 c.c. of vaccine was injected subcutaneously on 
2.5.34, the test being carried out ·on 22.5.34 (intramuscular injection 
of a twenty-four hours' meat broth culture) . Table VII . records 
the results. 

TABLE VII (Expt. S. 5371). 

The immunizing power of anacultures made in meat b1·oth at pH 6 · 8 
and 8 · 0 pl'us horse plasma and in meat b1·oth, pH 8 plus 0 · 25 per 

cent. glucose. 

Sheep 1:noculated 2.5.34; test 22.5.34. 

Sheep. 

Vaccine. Test with culture i.m. (c.c.). 

0·25 1·0 2 0 

1\LB. + plasma, pH. 6 · 8 1 1 (39493) L 2 (39467) L 
1\LB. + plasma, pH. 8 ·0 5 (39398) L 6 (39303) L 

~LB.+ glucose, pH. 8 -·0_,_1_ 9_(-39_2_5_4_) -L--~10-(3-9393) L 

3 (39172) L 
7 (39464) L 

11 (39160) L 

Controls : 13 (39953) 0 ·1 c. c. .. . .. . . . . . . t 2 

4·0 

4 (39307) t 2 
8 (39398) L* 

12 (39366) L 

14 (39997) 0 ·25 c.c . . ......... t2 
(L = lived; t = died; * = Sheep very ill, lame, oedema of leg, but n•co,·erecl. ) 

Result.-All three vaccines proved to be excellent antigens. The 
results given in Table VII do not indicate definitely \Yhich, if any, 
\Yas the best. 

Expe?'iment 11. 

Although excellent Yaccine could be made with 20-lihe quan
tities of horse or donkey flesh meat broth containing 0·25 per cent. 
glucose, a definite practical disadvantage was the inability ·of this 
medium to initiate growth ·with certainty. On several occasions 
growth either did not occur or was delayed for several days. The 
addition of serum overcame this difficulty, but one had then to reckon 
with the possibility of introducing contaminating organisms and in 
addition, there was the difficulty of obtaining serum in bulk if the 
method \Yas adopted as routine. One of us had had experience with 
Oolebrooke's liver digest medium* in the cultivation of anaerobes. 
Excellent growth could be obtained in this medium, without the 
addition of meat partides, with CZ. chattvcei, but a disadYantage was 
the lowering of the pH that took place with resultant killing of the 
organisms, and possibly harmful effec:t upon the antigen produced. 
'l'o try to overcome this effect, the following modification was tried. 

* See appendix for preparation. 

154 



J. H. MASON AND J. R. SCHEUl:lER. 

'l'hree parts of ox-liver digest and seYen parts of horse-flesh peptone 
broth (no meat particles) " ·ere mixed. Salt was omitted and m its 
place enough phosphate buffer to make a 0 · 8 per cent. concentration 
was added. Seven hundred c.c. at pH 7 · 4 was boiled for two hours, 
cooled, inoculated with a recently passaged strain of D and grown 
for twenty hours at 37° C. Excellent growth resulted, the pH being 
between ti · 5 and 6 · 7. After adjusting the pH to 7 · 4, 0 · 4 per cent. 
formalin was added and incubation carried on for forty-eight hours. 

Dheep 1·eceived 5·0 c.c. s .c. of the vaccine on 20.9.34 and were 
tested for immunity on 10.10.34. 'l'he method {)f test was changed. 
Robertson and Felix (1'930) and Henderson (1932) in testing the 
immunity produced in laboratory animals by the injection of washed 
boiled suspensions of Cl. septicwn and Cl. chauvcei used spore suspen
sions activated with calcium chloride. Henderson found that 
Cl. chauTcei could be induced to spore copiously when grown on 
Dorset's egg medium. Although we never obtained copious sporula
tion on this medium, we were able, after several attempts, to obtain 
a suspension rich enough in spores for our purpose. This was heated 
at 60° C. for half an hour to destroy vegetative elements and then 
stored at +5° C. It was our intention to use this spore suspension 
for several months and thus be able to compare the results of several 
tests. Unfortunately, the suspension lost virulence after only a 
fortnight, so that comparative vvork could not be carried out. As 
activator, adrenalin was employed. We found that, in guinea-pigs, 
as little as 0 · 02 c.c. of the 1 J 1000 dilution received from the manu
facturers "·as sufficient, when diluted to 2·0 c.c., to activate one
tenth of a doubtfully lethal dose of spores. For the sheep test 0 · 5 
c.c. of the spore suspension plus 0 · 05 c. c. of adrenalin, diluted to 
2·0 c.c. with saline, was injected i.m. into four control and the four 
Yaccinated sheep. 

Result.-All the control sheep died within forty hours; the 
vaccinated sheep survived. Although this experiment shows that the 
vaccine produced in the mixture of digest liver medium and horse
flesh broth was antigenic, we do not know how high the immunity 
was. From other experiments (not noted in this communication) we 
haYe gained the impression that the activated spore test is not a 
severe one, inasmuch as animals immunized "·ith proved low value 
antigens (test with culture) survived the injection of the activated 
spores. (Experiment S. 5484 and sheep 38953, 37626, 41049, 40071, 
40771, 40585, 40189 and 40901.) 

E.rpe1·iment 12. 

To ascertain if a washed alum precipitate of a Cl. clw111;cei 
vaccine produces better immunity than the vaccine itself. 

Glenny et al. (1926), Glenny ancl ·waddington (1928), and 
Glenny, Buttle and Steven;; (1931) have shown that the alum preci
pitate of a diphtheria toxoid is a better immunizing agent than the 
toxoid itself. They attribute this improvement to the decreased solu
bility o£ the alum precipitate; it is only slo•Yly absorbed by the body, 
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resulting in increased immunity. One of u s (J .H.M.) has had expe
rience of the use of alum precipitate of toxoids of Cl. 1celchii, 'rype 
A and B (vVilsdon) and of Cl. septicum. The results of immuniza
tion with CZ. 1celchii Type B precipitates ''"ere disappointing and 
will be publishecl at an early date. vVith CZ. welchii Type A and 
with Cl. sezJticwm, the definite indication was that alum precipitates 
\\·ere better antigens than the toxoids from which they were prepared. 

[n Experiment 2, the alum precipitate of a batch of 1·outine 
m e eli um vaccine (ana culture) proved a better antigen than the :1 na
culture itself. In that instance, the alum was added to the vaccine, 
and t he precipitate washed b,·ice and injected. In this experiment, 
enough alum was added to make a 1 per cent. concentration, and the 
precipitate (without being " ·ashed) plus the supernatant was 
injedecl. As ta hle VIII shows, the experiment is not conc:lusiYe 
inasmuch as the sh eep into which the vaccines were injected \Yere 
not tested at the flame time ·Or with the flame test culture as "·ere 
the alum vaccine sheep. However, the immunity of these sheep was 
so high that, juclging fr·om results obiained with other hatche~ made 
in the same way ancl a bout the same time one may jw::tifiabl:,· con
clude that the alum Yaccines we1·e superior antigens. Into b\·o 
gToups of sheep, two batc:hes of Yaceines (routine) were injeeted. 
One group received hatch No. 8G a nd the oth er batch ::\T"o. 87. 

'ro each batch 1 per cent. alum was added anJ sheep received 
6 ·0 c.c. s .e. The details of the injections and test are reconled in 
'rable VIII. 

Result. - A s stated aboYe, the experiment allmn of no rlefinite 
co11dusions being clra."·n, but in view of the fact that. experie11ce hail 
sho"·n that gootl value routine vueciHes usually procl need immunity 
only to one to four fatal doses of culture (0·3 c.c.-0·6 e.c. of a von 
Hibler culture "·as in the r egion of :1n ~'LL.D.), one may be allowecl 
to infer ihat the alum preeipitate was the better Yaccine . It ''"ill 
he observed that sh eep lJ , ''"hi ch r eceiYecl SG alum precipitate, re
s isted the inoeulation of at least sixty lethal doses of a meat broth 
culture. 

E:rperirnent 13. 

'ro determi11e if the adLlition of agar to Yaccme \YOtdrl mnease 
tlle immuni:-:ing Yalue. 

rrhis experiment was in the nature of U " follO\Y-Oll " of that 
detailed above. Cl. clwttvcei, 64, was grmvn in 8 x 20 litre flasks of 
donkey-flesh meat broth (meat particles one-third by volume) plus 
0 · 5 per cent. glu cose for three days. Growth wa s good. The meat 
''"as removerl and 0 · 5 per cent . formalin added and incubation carried 
on for three days. 'l'o a quantity of anaculture, enough melted agar 
''"as adrlecl to give a 0·25 per cent . concentration. Sheep receiYecl 
5·0 c.c. s.c. of the one or th e other vaccine on 11.6.34 and were tested 
for immunity on 0.7.34 (i.m. inj ection of a meat-broth culture of 
shain 64). Table IX r ecords the results. 
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TilE PlWD.CCTIOK OF UIJ\I r NTfY TO '' CL. CHA r V OEI ''. 

T A BL E IX (Expt . S. 5474) . 

The immunizing power of anaculture eompareu " ·ith ana culture plus 
0·25 per cent. agar. Sheep inoculated on 11 .6 .34 : test 5.7 .34. 

================================~~---= 
i Sheep. 

I 
Test with culture i.m . (c .c.). 

Vacc in e. -·------,-- --- -...,---------- - - - -

____ ____ I o 3 _j __ ~--~--o~ -~-
3 (40558) t 1 4 (405:10) L* 

7{40157) L S(40 175)L 

Anacult ure . . . . . ...... . ·I I (40174) L* \ 2 (39944) i" 1 

Anacultnre plus agar . . . j 5 (40128) L I 6 (40g3~) L 

-~------~----~ 

Controls : 9 ( 4013 1) 0 · 15 c.c... . . . . . . . . i" 1 

10 (403\Hl ) 0 ·5 c.c . ... ... . .. . . t ojn 

(i" = died; L = liYed; * = Very ill, lame, leg swollen, recovered.) 

R esult .- 'l'he addition of aga r increa se<l the immunizing value 
of the anaculture t o a con sid erable extent, probably du e to decreasing 
the in 1;ivo rate of absorption. 

To ascertain the inunumzm g power of wash ed, boiled Cl. 
chm t uce i baci lli. R1ober tson a nd F elix (1930) and H enderson (1932, 
J 933, 19:34) haYe shown that boiled suspensions of C Z. sept?:cum. and 
Cl. chmtrcei are cap able, when inocula ted subcutaneously into gu inea
pigs, of immunizing t h em against t h e inj ection of spores activated 
IYith calcium chloride . H end erson suggested that the immunity to 
Cl. chaurcei is prorluced , in the main , by t h e " 0 " somatic antigen 
of the bacilli. R esults, of a confiunatory nature, whieh ''"ill form 
the subj ect m atter of another communi cation , have been obtained 
by one of u s (J .H.)f. ). R oberts (1 933) was not able to obtain sati fi 
fa ctory results \Vi th H en <lersou 's t echnique. 

The follo"·ing exp er iments " ·ere carried out t-o t est tlw method: -

(a) Strain 64 wa s grmYn in 1 per cent. glucose broth (hm·se
fle sh ) plus haemolysed cells and serum for 18 hours. The bacilli 
\Y er spun out, \\·ash ed t "·ice in d istilled water, boiled for two hours 
and enough salt added t o make a 0 · 85 per cent . <:oncentrat ion. About 
400 < ~ . e. -of medium ·was required to produce 70 c.c. of a suspension 
corresponrling in opa cit )· t o tube 10 of a Burrou gh s \Yellcom e 
n ephelometer. Into sh eep, 10 · 0 e. c . of t h e su spension \Yas injected 
s .c. ou 12.4.33; the t est took pla ce on 11.5.33 (the same test as noted 
in E xp erin1 ent 1). T able X 1·ecords t he results. 
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T ABLE X. 

The imnwniz lng ]JOWeJ' of boi led bacilli (Expt. S. 5003). 

Sheep inocu la ted on 12.4. 03; te~t 11.6)10 . 

Sheep. 

(35333) . .. . .. ... . . • ......... ... ....... 
2 (35527) .. ... .. . ... •. .. . .. . . . .... .. ... . 
3 (35773) . .. .. • . .. . . . •. .. .. . . . . . . . . . .... 
4 (35783) .. . ... . .. ............. . .. .... .. 

Con t rols . 
5 (3i\517) .. . . .. .... . ..... . . . . .... .. . . . . . 
6 ( 35.~37) .... .. . . . . . .. . ... • . . . .. . •.. .. . . 

Test. 
Cnltnrc i.m . (c.c. ). 

1 ·0 
2 0 
3·0 
4·0 

0 5 
1 ·0 

(L = lived ; '! = died .) 

Result. 

L 
L 
L 
L 

H esult.-On t he assump t ion that 0 ·1 c.c. of the test culture "·a !> 
a leth al dose, i t will Le seen tha t boiled bacil li produced a Yer;r high 
degree of i mmunity. 

(b) A s (o), but haeilli obtaine ll from meat broth plus serum. 
The opacity of the ~UcilJenc; i on corresponded to tubes 5-() of the B .1V. 
nephelometer . 

'l'hese sheep r eceiYed 5 0 c.c. subcutaneously on G.3.:34. 'l'ested 
b 1·en ty-one clays later " ·ith culture i .. m. , th e )LL.D . of " ·h ich was 
0 ·1 c .c. for control sheep , the~e anim als reacted as follmYs: that 
receiving 5 1\I.L.D . liYed as did that r eceiYing 20 ::'II.L.D. , "·hilst 
one IYhich got 10 :M.L .D. llied. (Experim ent S . 5117 aml sheep 
34043, 37354 .and .24543.) 

(c) A group of six sh eep recei Yed eight su ben b n eo u,; i u j ecti ous 
of t he suspension n oted in (b); in all , each sheep got 180 c.c . of 
nw terial , over a period o{ thirt~· (lays . Tested 9 cl ay,; after the lu~t 
m jedion with culture i .m., th e follmYi ng result was got . T,,.o sheep 
withstoo<l 50, one 100, one 200 and h 1·o 300 1\I.L.D ., whilst a non
treate(l (lied after Tec:eiYin g one lethal close (0 ·l <; .c .). (Experiment 
8. 54:~2 , sheep ;)8847, ~H889 , 37014, :n :162, :H 130, aml 3G583. ) 

(d) A s11spen sion p repared as noted under (b). The opaci t y 
corresponcl to that of t ube ] () of the R.vV. nephelometer. 

T 11·o sh eep \Yhich receiYecl 5 ·0 c.c. of suspension s .c . wit-hstood, 
three weeks later , 5 ancl 10 ) f.L .D . respectiYely of culture i.m. The 
control sheep fl iecl when 1 1\I.L.D . (O · l c .c .) \Y3S inj ected. (Experi
ment S. 5588, sheep 41018 and 39749. ) 

(e) The bacilli contained in 200 c.c. of a hYent~'-fonr hours' 
meat-broth culture were spun out, " ·ash ecl t wiee in clist i llecl wa ter, re
suspended in 200 c .c . of distilled " ·ater, hoil ecl for h·o hours and 
enough salt a cl de<l to make a 0 · 85 per cent. concen ha tion. The 
opacity IYas about th at of the tube 1 of the B .\Y. neplwlometer. 
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Three sheep r eceived 5 ·0 c.c . s.c. ; h Yen ty-seYen clays later, a 
m eat-broth culture was inj ected i.m. with t he following Tesult:-

Control sheep (39771) 0 ·1 c .c. t oj n . 
:-:lheep 1. \415G1) 0·2 c.c. , 
Sh eep 2. (41535) 0 ·5 c .c. , 
Sheep 3. (41542) 1 ·0 c.c . , 

(Experiment S. 55G5. ) 

(f) Th e bacilli from a 24 hours' culture in 25 litres of routine 
me< limn \\·ere remoYecl . 'l'h i s was aecomplish ecl by passing t he 
culture through a paper pul]J, \Y ashing t h e pulrl in clistille<l " ·ater, 
squee7.ing the :fluid out of the )JUlp in a 11ress and finally ,;vinning 
t his material. A.fter bYo \Yashings, 200 c.c. of a dense suspen
sion " ·as obtained. 'l'h is "·as frozen and thawed five t imes. The 
freezing elw mher of a General Electric Company's refr igerator 1n1s 
used for freezing purposes ( - 15° C.). 'l'his five -times hozen sus
pension \Yas spun for t \YO hours a t 4,000 r evolutions per minute, a 
slightly opalescent :fiui tl bein g obtain ed. A portion of it 11·as boilecl 
for two hours, a slight turbi<lity bein g l)rocluee<l in t h e process . 

'1\Yo groups of sheep \Yer e irnumnizecl , one " ·ith the spun and the 
other \Yith t h e spun and boiled supernatant. Table XI records th e 
results. 

'l'ABLE XI. 

Tltr inun uniz in.q pou:er of th e s1.q;enwtant of f rozen and t ltmcnl 
bacilli and of this nw teria:l after boiling f or tzco l101trs . (Ex pt . 
S. 5595.) 

7\1atcrial 
'Injected. 

I 

1

: Test: cult ure i.m. (c.c.). 
Date ana - ---------------
Amount. 13/ 3/ 35. 

-------~--------

0 · l 0 ·25 
------------------------------~--------

Supernatan t ......... :22/ 2/ 36, 5·0 c.c. Sheep.. . 1 (4li523) L :2 (41555) L 
----------1------------- ------·--· - - - ---- -

Boiled supernatan t.. :22/ 2/ 35, 5·0 c.c. Sheep .. . 3 (41532) t:! I 4 (37385) -1-1 

_________________ ~:~~ =~~~~~t1]=~~0~~G~ 
-----~/41/3:_ _____ _ 

Boiled supernatant .. 1 2:2/~/3~, ~ 0 c.c. 

14/ 3 / 3o, o · 0 c.c. 

Sheep ... 

Controls . 

(t = died ; L = lived. ) 
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U esults .-I n suffieien t conceu tra tion, the boiled bacillary bodies 
of Cl . chaucmi p1·oduced a high degree ·of immunity in sh eep, t h e 
test material being a young meat-broth culture , inj ected int ra
muscularly. HoweYer, when the boiled germs " ·ere suspended. in 
an amount of saline equal in Yolume to that of the culture from 
\Yhieh th ey \l·ere -obtained, the immunity produced was poor (or 
ab~ent) . 

The supernatant of a fiYe-times frozen and th awed dense liYing 
s us1Jension \n1s of high antigenieity . The boiling of such a SU]Jer
uatant, \Yhilst reducing greatly the anti genic Yalue, did not entirely 
destroy t he antigen. 

T HE CHOI CE o r A H o u nNE VACCINE. 

T he following points "·ere carefully conside1·ed before a decit;ion 
\Yas made on the medium to be employed in the prepamtion of 
YaCCllle : --

1. The routine medium an<l m ethod of production had pron c1 
satisfactory on past occasions. 

2 . A potent product could be produced in hmse or clonkey 
flesh meat broth plus serum. As before mentioned , th er e 
' "as the difficu lty of obtaining sel'um in quantity and of 
ensul' ing its st erile addition t o medium. \Vithout serum 
or haemol~·seu red cells, there wa8 the cl efinite possibility 
that grmYth " ·ould not be i:1it iated in .all flasks. 

3. A tryptic digest muscle m ec1iun1 eould be employed o1· a 
mixture of Cole brooke's li ,-er digest and horse-flesh in
fusion broth. These \\·ere VPl'J' seriously consi clerecl , but 
fina lly rej edecl O\\ in g to the diffi<.; ulty of preparing a 
large bateh in a working day. 

4 . U n fortuna tely Henclerson's boiled bacilli n ceine coulcl not 
be consiclerecl O\Ying to t he lar ge amount of 1necl ium tha t 
' '"oulcl be required for its procluction alHl to t he c1iffiC'u lt:v 
that \\·oul cl be experienced in separ ating the ger ms from 
the cul hue. 

Finally it \l·as cl eci cl ed t o retain th e r outine m ecliUJu , hut to 
introclu ce some yariat ions. It hacl been t he custom of one of u s 
(J .ll .S. ) to maintain the Cl. cham:mi strain in Yon Hibler 's mecli um , 
pa ssaging a enlture through a guinea-pig just prior to the inocula
tion of a hat ch of medium. Instea d , the st r ain " ·as h eld in h orse
flesh meat broth, ca re being t aken that the pH of the meclium \Yas 
1 · G just prior to seeding. From a tube, ' '"hi eh ''"a s a direct eultu re 
fro m the h eart hloocl of a g·u i.nea-pig , a subeulture \YHS macle into 
von Hibler's medium, at pH 7 · G, ancl after eighteen h ours' incu ba
tion, fla sks of meclimn ,,·ere inoculated from th is . Th e YOn Hibler'~ 
medium wns usecl to en su re an inoculum, containing a large number 
of organi sms. 'l'he pH of t h e m edium in th e flasks (20 li tres) '"as 
adjusted io lJeh,·een 7·G and R·O just prim· to inot·nlation . Car e was 
taken th at t he amo unt of liYer particles in t he fla sks was abou t 
one-third of t he total Yolmne. After t hirtv-six hours' ineuhation nt 
38° C., when gTmvth ancl gas formati on ' were Yip:or ous, t he liver 
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piece~ "·ere l'Piii OYed by ~ie,- i ug, 0· 5 pe r cen t. fo rm al in .-ulded a nd 
iucuba tion ca ni ecl on for three m ore days. The fina l product pas::;ecl 
ad eq uate s ierild,- te~h a nd 11·as inn oc uon ~ for sheep in 20 c.c. <11110\i ll ts 
,; u b<" u taneo usly . 

The r esults o£ a Year s u~p of Y<iCCl ii Ps prepare<l a s just described 
h <1 Ye been sa tis fa ctor~· . 

A s <1 11 exaniple of t he typ e of ,·a cc ine nm1· be ing prep ared a ft er 
a little more tlw n one y ear',; use of th e m et hod just ll lentioned , the 
follo"·ing- ex pe1·iment (Hi) may be quoted . S ix sh eep J'P <"e iYetl :) · U r·.c. 
of Ya ccine (prep a1·ed h om 20-l it re r t t ~<~Hi il ies of in ediu in) sub
<·utanpousl v a nd were> t es ted t·hrec 11·eel;s later bY t he in t rnmu sf' ub r 
inject ion i1f <1il ] fl hom < YOil Hibler <"nlture .. '1\l'(i " ·ith stoocl 10 
.JI.L.J). , t 11·o, 20 }I. L.D. nn<l t 11·o , ..J.O }!.. L .D . (E xper i inen t S . :1n :J 
and sheep -±:n ss. .J::J-±0 1 . .f:l.:J-1 i , ..J.:l-±SS, J :l(;,sc, , ..J.:J9:l..J. . .J::F1.'lG <l lHl 
.J:Hil. ) 

Co~nu:sT . 

lt is d iffi<·ult· t o ~ay it onl ,,- onP c· lwn g·p 11·ns i 'PS]I <> i i ~i hle f01 th e 
i ill iJ i'OI'Plll <' il t in th P Y<l <" <" in e . \\-hi l~t l<' hl in ing· ilw o()r ig in:tl iii P<l iunl 
the follo ,Y ing <llt erat ious haYP hee n m;u iP :-( 1) 'J'h P Jii <i intPII< lll <'<' of 
the cr. chlll! ('(l'i ~train in llle<l i hroi lt i nstP<Hl of YOH Hihl Pr 's in eclium , 
(2 ) lite ensmin g th:d tlw init ial p H of nllm P<lia \\'<1 S 7 -G- 8 ·0, (= l) a 
s lwdPning of t·he in<"nha t iou tim e. (-1:) th e leaY ing· out of thP l'e
<Hidi t ions of g-lu<·osp to t he m Pdiu itl nnd (5) an a('u lture inste.-ul of 
fi l tra tP userl. 

Th e px perin1 ents rletai led haYe sh ow n that exl'Pllen ( Yar·l'i ne m ay 
he prorlu cerl af tPr t 11·ent~--four h ocll's · inf'nba t·ion of cultttrP hut t ha t 
no s ig-nifl r·a nt di ffere nc:e in innnun it .1· JII'Ocluc·t ion was got 11·i t h Ync
l'ines prep:necl from m erl i<l of init inl pH G·S awl 8 ·0 resprdin·l~- . 
IJo,YPYPr , on e lll<I Y j n stifi a hl~- r·ondurle that better g rmd h l'oulcl he 
Pxp ecierl fr.om n lllPrlium th e pTl of 11·h ic·h \Yas S t h :m from onP wi!Pt'e 
i t \\' :1 ~ G· .S . Th e ~ tra i n 11·n~ mni ntai nPcl i n lll <'<J t hl'oth , h<'l'<l ll Se 
ex periPnce ;:;h owPrl tha t tlw Yi n llen r·p cl i rl not rlf'crea sp in thi s m Prl ium 
whPr P<l S it- clirl so in hl'n in m erlinm . Adnalh nf( Pl' Oil <' YPnr 's 
ll iain t<'Lt<1 ii ("<' in m eat hrot I! th e• Yi1· ul enr·r of st r ai·n ()4 in r:r e:1secl f'o ur 
Limes . Fm·thPI' , m e:1t hroth cnltui'PS 11·erp usuall Y fiyp to i r n ti m Ps 
ill Ore pa tb ogenir· than th o~e from Yo n IT ihlp1··s mPrl ium. 

Alt-h ough tl1 P a<l rli tion of g-lm· o.-;p (w ith thf' a cco lll] t<ln ~·i n g- arl j ust
me nt in pTT to 7· 8) on seYera l ocl'a -;ion s, as m·ig- in.all,,- <· J n ird out , 
rlid lr <Hl to H1r prorlu cti on of n rl r n se gTowth of th e g erm '"it-lt a 
poss ible ext l'a fo l'm ah on of a nt ig'en . th <' defi nite p oss ihi l it_y exi s ted 
ihn t th e lonp: ini'Uhati on JIPl'iorl a nr] t h r m ehJholil' pnHJn C'is fann ed 
rlurin g- th l' ~ C' " r e-g- l'md h s .. m igh t <l ~(my antige n ah Pacly fonn rr1. 

Finally , o ne r e;o;ult th at com es ou t. dead~- is the consistently 
g-oo cl r psult ;; oht ainell "·it h small qtwnt ities (000 e .c. i o 2 ,000 e.c .) 
of ment broth ll\Pclium (E xp eri ment,.; l , 2 , 3, 4, 5 and 8) ; wh en 10 to 
'20 lihe Yolum Ps "·ere u secl , satisLwtor.'· Yaccine 11·as p rocl11f'ed hut 
no t ah,·a,rs of th e sam e hi g-h Yalue as wi th small nmou nt s o f m edium 
rExpPriments G, 7 (a ) a nrl 10 p:aYe p:oocl Yacc ines, anc1 ExpPriments 
1, 9 and 10 n ccines of a lower Ynlue] . Tlw prohablP expbnati on 
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fo r thi ~ "·a ~ t h ough t to Le the p rocechne in autoclaYin g. The small 
amounts were h ea ted for h a lf an h our at 115° C. "·hereas to ensure 
sterility, t h e la rg-e Yolumes " -ere he~1ted at 11:) ° C. for ±our hour~ on 
t11·o ~ LH.:eess (ve cL1 ys . 

An ex peri lllen t ( I (j ) :set u p t o i nYe.-d igatP t hi,; c1u e.-dio11 did not 
1·iel cl alJsolu teh satisfa do n - re:s ults . T lw bah·h of med imn nsed ,,·as 
;w tec1 und e r " .eho ice nf ;I ;·ou tine Y<lccine , . (E xperi me1ll 10) . Flasks 
of :]()() c .c. capaC'ity 11·e1P u sec1-one 1n1s aut-odan•c1 t 11ice (one clay 
in ten <ll) a ! 110° C. fo r one h our and th e other a !· ll'JO C. (on t11·o 
O l' l'a~i ons) for fo ur h o ur,; . The- Y:l <Ti ne~ (anaculturPs) prep;nPd hom 
th ese mecl i;l 1n•re in j ected sHlH'utaJ leousl,,· in :)·0 c·.c a mount s into 
hnl gTonps o f fo m· ~ !J e-ep P<I C' h. T lw t es t ll' ;ls C"<ln ic ·cl out ;:dong 11·ith 
th :t! c· onclud ed for K·qwrimen t 15 11 ith t l1e foll011i n g- n •su lts : -

\' ;IC'C' ine hom fhsk s terilized for '2 x l h our a t lJ()° C.- Jllllll ber 
of fat al do,;es 11·it h stood hy sheep- (J) :\ (:!) 10, (3) 20, 
(-±) < 40 . 

\~a C'C'ine fro m Hask steri lizec1 for 2 x J ho11rs a! 1FJ° C- nun1her 
of fat al closPs 11· il h stoocl h.1 sh<•ep-(1) <:\ (ii) 10, (7) <20, 
(8) <40. 

Jt s bo ul cl he no ted t hat ihe s:mw m edium ster i l ized in bulk 
( l~ xperimcnt F J) procluced e:s:c·c·Uen t YaC'cine e1en nlthong·h Hllhjederl 
u, 2 x 4 h om periocls at 11:]° C. T h is 8pparently i .~ a t 1;n·ia11C'e \\·ith 
1he resuJt :-; nuted , hut since oYer-st eriliza t ion is cl c•trim<'nhll to 
m ed ium (.~h mYn up 11·h en sm all qua n tities are usecl ) one l'all c·on chl(le 
1 ha t ihe sam e c1ehimenta l effpc;t occu r,; 1rhen large Yolumes are 
e mployed . Ho11·eYer, i n this c·ase, ,dl 1 he m Pr1ium is not su bj ectecl 
a ll th e t iJnP to th e hi g h tPlll [JPra b re a n <l therefore the st eri l ization 
of 500 and 20 ,000 c .1·. <j1J an tit ies is n ot to l H' comvar ecl. 

Alth o ug h it j ,; p o,;:;i lJle ancl eYPn prohahle t ha t oYe r-sterilizatwu 
pla ~·e cl a p a li i n tll<' p r oclud ion of l o11· Ynlu e YacC"i nes, it is obYirms 
thnt it is 11ot t h e 11·h ol e exp b n ahon. Experiments c1esii nec1 io cl<'ar 
up ih is p o in t m·e at p r esr n t un cle1· oon sicl erat iou . 

CONC LUSIONS. 

1. P o ten t Cl . 1' /l(lvrrri Ya cci n e (anaculh1r e) nwy be m;1dc: lTl 

horse-flesh in fu ;;i on h roth plu s 1 · 0 p er c· pnt. pepton e, 0 · 85 11er r·en L 
c;:d t <Ill cl 2 - :) per r·e 11 t . of se ru m :wcl f or the lwem ol.vse1l r ecl cells uf 
th e h or se, ox :1 ncl s heep (m eat part icles one-thinl by 1ol mne) . 

:!. T r yp ti c: d (gesh; of hor,;e m u:;cl c· m ed ia prochli' P sai isfaelory 
\·ac· c :~ nes. 

:L Boiled , den se susp em·il·OJIS of Cl . chau1'o:i inject ed s ub
c· u ta neou sl.' - i n to sh Pep procluce a high degree of protection to culture 
inj ected in t r a nll!scnbrly . 

-t . Th e mecliu m a n rl m et hoc1 finallY decide(] on as a rouhne 
mea~nre 11·as : ox-liYer i nfus ion b roth (liYer p arti cles on e- th inl by 
Yolum e) 1dus 1· 0 JlPl' ce n t. ] 'e ptO JIE', O·S:) pPr ee nt. salt a ncl 1 per 
C"en t. g luc·ose ad rl ecl nfter ster il ization , 11H 7 · S, 3G hou rs ' i ne ubation, 
a ncl 0 ·5 p er cent. f iJn nol ization for t h ree cla~·s at 07° C. 
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.-\PPEXDTX. 

PHEPAHA'I'LOX OF JWrT IXE J\fE])IDT. 

B oi l o ne p a r t of mi nced ox lin•r 11· ith t11·o p a rts of tap -11·ater fo r half :1n 
lwur. 

Fill into Aasks of :20 lit r C's c-ap :~cit_,. and :~cld l per cent . peptone. O<l p C' r 
con t . sodiu m cltlori<1e ~ nd 0 · 2 per cent. eli bas ic sodium phosplwto (Nn,HPO ,). 

S teril ize a t 1150 C. for "'· hours o n e~cl1 of t 11·o su cressiyc cbys. 
Add l'n on p; h of a saturated IYator y solution of glucOS(' (ste ,· ili zecl at 1100 C. 

f or l hour o n ench of t 11·o SllC'l'essi ,·e days) to mal; c a 1 pe r cPnt. soln t ion a nd 
a dJust p l:i to 8 ·-1. 

Incu ba te t o t est ster ility. 
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PREP ARATJO~ OF ROUTINE VACCINE. 

Tn ocu la t e fl ask with 50-100 c.c. of a 20 hou rs' Yon Hibler culture and 
incubat e at bet \\·een :l70 C . a nd ago c. After 3-4 days, gas formation haYing 
nlmost ceased , t he pH is r ead just ed t o 8·4 and enough st er ile saturat ed glucose 
solut ion is added t o m.ake a 1 pPr cent . co ttcen tration. Yigor ous gas formatJOn 
again orcurs . The addit ion of glucose and t he r eadjustmen t of t he pH is 
r epeated on one or t11·o fur t her occasions at 3-4 days interval. TlJC cu ltur e is 
clarified by passi ng it t hroug h p aper pulp and stPr il ized· by ftltr at ion t hroug h 
a E. K . Se it z fi lter. 

To t he sterile fi lt r ate en oug h forma lin ts add ed t o m ake 0·4 per cent . 
c:once11 t ra t ion and in cu bated for 4-6 days. 

PREP ARATION OF MF.AT BR OTH. (Vol umes of 10-2,000 c .c.) 

To one pound of finely minced horse m uscle add one litre of 0 -5 per cent. 
sa li ne solu t ion. 

Boil for one hour a nd fi lter. 
X e ut rn lize and pu t in cold room o\·er-ni g ht . 
R efilter . 
_-\.del 1 per cent . \Vitte pep tone. 
Adjust p H to 8 5. 
B oil a nd filter . 
F ill in t o t ubes or fla sks con t ain ing pnong h \\·a shed cooked minced tneat to 

make one-t hird by Yolumo. 
Autocla,·e fo r lta lf a n hour at 1-3 pounds pressu re . 
I n t he cm:e of 10-20 lit re q nn nti t.i es a ut ocla ,.e for 4 hou r s Oil each of t\\'O 

SH(·C'ess iYe clays . 

'l'lte \nlslw d meat is obt a ined by add ing t o distilled " ·ater t he 111i ncecl moat 
f r om \\·hich t he extr act \H t S made. The mixture is brought t o t !te l)o il and 
str a ined t h r ough muslin . T he meat is t hen pressed until no more flu id exudes. 

PRE PARATION OF TR YPTIC DlGEST LIVER BROTH. 

::\Iim·e up o:x li ,·er a nd t o c,·er .' · pound ndd one lit re of "·ate r . H eat t o 
'150 C. a nd add 1 p er cent . t rypsin a 11 d make alkaline. K eep at 450-50° C. and 
a llow to d igest for H hours . Then m ake acid " ·ith acetic acid and boi l for 5-10 
m inutes. F ilter , m a ke alkaline and aut oclave for half an hour at 15 pounds 
pressure . F ilter t hr ough l'aper , t u be a n d r e-a ntoclave. 
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