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If m IS prime, we have Jlf = In -1 and the determinant mpre­
senting li~1I (m) by adding to the first colnmn all the olher ones is 
immediately reduced 10 the polynomial 1 + !IJ + :v~ + ... + .1]111-1. 

In the general case the coerticients of 1~/I (.'IJ) al'e not of so si mple 
a character as perhaps might be presumed. Only two of them, the 
coefficlents Al and A U-i> take the slmple value - [1 (m) and thel'e­
fore I ma)' end wlth the pl'oposition 

IX. If m is tbe pL'oduct of unequal odel ppme factoL's, then 

o (:) ~ (!) ., CVI~l) 
(-~) o (~) .. ' Ct~:~) 

(.t(m) X (-~) . (~~) o " . (Llf~a) = 
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(:) (~) o 

(
-.M-t 1) (-lVl+2) r--.M+~) .... (-1) (~) 

m m \111 m mi 
Tbus lt IS shewn (hat the &ymbol ft (m) J6 expl'esslble by LEGI<;NJ)R.I<~ 

symbols on I,)', 

Pathology, - "On passioe mnnwdsation Ctgamst tetanllb." By Prof, 
DL'. C. H. H. SPRONOK and Wn,Hl!JJ,l\IINA HAMBURG1<:R, Arts. 

(Conunulllcated in lhe meetmg of Novembel' 25, 1916), 

As known, the ll1,jectlOll of tl. hetel'ologous sel'Ull1 not seldolll 
causes symptoms of disease, a,nd experience teaches us, that the 
injection of a large quantity of serll m oftener ranses the so-ralled 
serum disease tlutll tbe injectioJl of a smallel' quantity, Hence the 
endeavours of the serum institnles to pl'odnce an immune serum 
with high titre, so that th_e injectioll of a small qllantity ot' sernm 
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wiJl be snffieient. Fol' tlle same l'eason in some countl'ies a minimum 
titre has been prescribed by law for a fe,,· sera. In Germany e.g. it 
!tas ueen fixed by law lhal anlitetanlls serum has to conlain at least 
4, diphtllel·ja se1'nm at least .500 antitoxic units (A.U.) in one e.c. 
seru m. 

As, l'egarding the p(jsbibiJitJ that also' OUl' l'ouniI~y might be drawn 
into the war, gl'eat q'lantities of alltiletanu'l sernm had io be pro­
c1t1ced, to immlllUze the wOl1ncled againsL tetanus, the qllefltion I'ose, 
whether indeed there are snfficient reasons to l'efuse an antitetanus 
serum tbat contains less tlutn 4 A.D. in 1 e.c. fol' this plll·pose. 

The resem'eh we have made to answel' ihis question, has given 
a sUl'prising 1'esn11. FOl' it has beco\lle c1ear to us, that the cheaper 
anti-tetanns serum with, a titre of 2' A.U. is IlOt only fit to immunize 
Ihe wonncled, bnr tbat it is even to be prefel'recl' fol' th is purpose to 
tbe mueh more expensive product wii.h a tilre of 4 A.U. 

WlJilst in the beginning of tbe gll1'opean WR!' many c1iecl or' 
tetanus, this dreaded wound-Jisease \tas 110W, so to say, entirely 
disappeared, thanks to the propbJ'lactic injection of 20 antitoxic units 
into each wOllnded man. At present little is lmown about the tilJ'e of 
the antitetanns serum, wbieh is nsed in Lile wal'faring co).ll1tries fol' 
prophylactie inornlations. Referring to Germany ho\\'eve1', we have 
been tolcl, that they inject Sel'lllll of 4 A.U. as weil as serum of 
2 A.U. When tlolel'e came a shortness of letanusantitoxine of'* A.U., 
the Gel'man Gouyernment also allowed the injection of a -serum 
with a titre of 2 A.U. 

According to them'etical considerations we had eome lo the suppo­
siti.on, that the passive immunity caused by tlte injection of 20 A.U. 
in 10 e.c" is not gUlte identic to the injection of 20 A.U. in .5 e.c .. 
as in the lattel' case the inoeulated antitoxine might dümppeal' soonel' 
out of the ol'ganism than in the former case. 

lt is not Lo be doubted, that tbe injection of horse flerum causes 
the development of antibodies, ",hieh attaek the horse &erUIU anel 
destl'oy it. Hence that [.'om lhe 5 th tiJl 7th day aftel' the injectioll, 
wben in tbe mean time a cel'tain gnantitJ" of antibodies has been 
pt'odllced, the horse serum and also the antitoxine for an important 
pal't disappear out of the blood, as DEHNE and HAlIIJ3UHGER 1) c1emoll­
strated. That the tetanus antitoxine and the horse albllmen disappeal' 
out of tlle blood at (he same time, is l'efel'l'ed by these ·reseal'chel's 
to the fact, that the antitoxine i.s chemically nnited 10 the horse 
albllmen. 

Aftel' the 5th till 7th day a certain quantily of autitoxine and 
I) Wiener klin. Wochenschrift 1904 and 1905. 

)i 
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- lJol'!'e albumen may remain cil'clliating in the blood fol' a longer Ol' 
shol'tel' ti me. 

Accol'ding to LWMAIRW, 1) who investigaled how longjl!e horse albu­
men ('an be ShOW11 in the blood of children thai l'eceived an injeëtion 
of diphthel'ia serum, also prod llced by- horses, this albumen remains 
pl'esent fOl' at least 10, tlnd a,t most ;)0 da)'s. 

That hOl'se aJbnmen l'emains circllJating longel' in olie indiyiduaJ 
than in another, is refel'l'ed untiJ now to the fact that the pl'oduetion 
of antibodies indh idually diffel's H, great deal. Tbe more antibodies 
the organism pl'oduces, the 800ne1' the horse albmnen will disappeal' 
out of the body. 

Accol'ding to our suPPOSitiOll a seeond factor is of inflnence upon 
t!lis, na~nely tbe qu(~ntit,l/ of horse serum. 

We have expel'imentally proved the rightnesR of th is supposilion 
in the following way: 

Two goats of uboul the same age anel Blze, got each oue SUbCll­
taneous injedioll of antitetanus serUllJ, whielt we had obtained from 
hOl'ses anel ttecUl'ately tested. One goat (A) got 80 A. U. (BlmRING­

EHHLJCH) in 20 e.c. serum, the other (B) tiO A.U. in 40 c.c. 
serum. _Hterwal'cls both goats have been bied fom timee, namely 
on the 10tll , 17tll , 24111 alld 318t da.)' aftel' the inoclllation. 'Vith the 
serum with whieh theE>e bleedings supplied ns, a great numbel' of experi­
ments bave been laken Oll white mice, 10 detel'mine, if the antitqxine 
disappeal'ed soone!' ont of lhe blood of goat A than of goat B. 

Evel'Y time inrreasillg doses of goat sel'um were adminisrered 
sllbcutaneollsly into series of mice under the skin of tbe back. Exactly 
aftel' 24 hoUl's, these mice alld also a contl'ol-monse got alethal 
dosis of tetannstoxine lll1del' the skin of the left hind-leg, which killed 
tlle control-mouse regllJarly in:3 ela.rs. This constant toxic action 
has been l'eached by using a !etannstoxine, filtered throllgh a GHAM­

B~:RMND filter, preeipitated by means of slllfas ammolliae anel dried 
in vaello; fl'om this toxine every time 50 m.g. was taken 1'01' each 
experiment, drssol\'ed in 10 e.c. physiologiral salt SOllltioll; from 
this, a hllUdl'ed times diluteel solution, 0.3 c.c. has been injected 
in,to each monse. 

The sera we got fL'om the fil'st bleeding, pl'oved to act eqllttlly 
immunizing. Those f('om the seCOIld bleeding (17 days aftel' the 
inoculation) on the contl'al'y, did not show any more an equal 
immunizing action (see experiment n° 1). 

Also 24 days aftel' the injeetion tlle sel'nm of both goalS still 

1) Thèse de doclOl·al. Paris 1907. 
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E X PER I MEN TN°, 1 

Go at A. Go atB. 

Mouse I Date I Subcut ] Result Mouse I Date I Subcut. I Result 

NO: 411 
J I 
: 11 Sept. '16 10.2 cc. serum N°. 414/11 Sept. 0.2 e.c. serum 

12 
" 

0.3 C c. toxine 12 
" 

o 3 e.c. toxine 

13 
" 

no symptoms 13 
" 

no c;ymptoms 

14 I local tetanus 14 local tetanus 
" " 

Ilocal tetanus 15 
" 

loeal tetanus 15 11 

16 dead 16 - I lives 11 " 

N°. 412 11 Sept. 0.3 e.c. serum N=>. 415 1 11 Sept. 0.3 e.c. serum 

12 
" 

0.3 C c. toxine 12 
" 

0.3 c.c toxine 

13 
" 

local tetanus 13 
" 

no symptoms 

14 " 
loeal tetanus 14 

" 
no symptoms 

15 
" 

loeal tetanus 15 
" 

no symptoms 

16 I' Jives 16 
" 

no symptoms 
I 

I I 
N°. 413 11 Sept. 0.4 e.c. serum N°. 416 11 Sept. 0.4 e.c. serum 

12 
" 

0.3 e.c. toxine 12 
" 

03 e.c. toxine 

13 
" 

no symptoms 13 
" 

no symptoms 

14 
" 

local tetanus 14 
" 

no '3ymptoms 

15 
" 

local tetanus 15 
" 

no symptoms 
-

16 
" 

hves 16 
" 

no symptom", 
-

. 
CONTROL. 

Mouse I Date l Subcut. 
I 

Result 

N°. 417 12 Sept. 0.3 c e. toxine 

13 local tetanus I , 

" 
14 11 dying 

15 
" 

dead 
I 
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EX PER I MEN TN°. 2. 

Goat A. Goat B 

Mouse 
I 

Date 
I 

Subcut. 
I 

Result 
I 

Mouse I Date 
I 

Subcut. 
I 

Result 

N°. 431 22 Sept. 1.6 e.c. serum N°. 434 
I 

22 Sept 08 e.c. serum 

23 
" 

0.3 e.c. toxine 23 
" 

0.3 e.c. toxine 

24 
" 

local tetanus 24 
" 

local tetanus 

25 
" 

dead 25 
" 

local tetanus 

26 
" 

26 
" 

local tetanus 

27 
" 

27 
" 

byes 
I 

N°. 432 22 Sept. 1 8 e.c. serum N°. 435 22 Sept 0.9 e.c. serum 

23 
" 

0.3 e.c. toxine 23 
" 

0.3 e.c. toxine 
-

24 
" 

no symptoms 24 
" 

local tetanus 

25 
" 

local tetanus 25 
" 

local tetanus 

26 
" 

local tetanus 26 
" 

local tetanus 

27 
" 

dead 27 
" 

hves 

N°. 433 22 Sept. 2.0 e.c. serutn N°. 436 22 Sept. 1.0 e.c. serum 

23 
" 

o 3 e.c. toxine 23 
" 

0.3 e.c. toxinè 

24 
" 

no symptoms 24 
" 

no symptoms 

25 
" 

local tetanus 25 
" 

no syll'ptoms 

26 
" 

local tetanus 26 " no symptoms 

27 
" 

dead 27 
" 

no symptoms 

CONTROL 
I 

Mouse I Date 
I 

Subcut. I Result I 

N°. 437 23 Sept 0.3 e.c. toxine I 
24 

" 
local tetanus 

25 
" 

dead 
L. __ , 
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7.94 

showed a distinctly immunizing action, but tIle serum of goat B 
a" twice as great action as the-serum of goat A (see experiment n° 2). 

Comparing the sera got 01 days aftel' the injection, the immuni­
zing act ion of the sel'l1m of goat B sti 11 pl'oved to sUl'pass that of 
goat A distinctly. 

I! would have been cleal'el', if we had been abre to iuiect twice 
as IrJllch sel'l1m of goat A as of goat B. BuL in. the mean 
tIme the immunizing action of the sernm of goat A_ had deehned 
in sneh a way, that the qnantJty to be inoculated became too large 
to be injeeted into mice (see expel'irri, N°. 3\. 

EX PER 1 MEN TN°. 3. -\ 
G a a t A. Go at B. 

Mouse I Date 
I 

Subcut. 
I 

Result Mouse I Date 
I 

Subcut. 
I 

Result 
I 
I 

N°. 438 25 Sept. 2.0 e.c. serum N°. 439 25 Sept. 20 e.c. serum 

- 26 
" 

0.3 e.c. toxine 26 
" 

0.3 e.c. toxine 

27 lacal tetanus 
, 

27 no symptams 
" " 

28 
" general " 28 

" 
no symptoms 

29 
" 

dead 
1

29 
" - na symptoms 

30 
" 1

30 
" 

no symptoms 

CONTROL 

Mouse I Dale 
I 

Subcut. 
I 

Result -

. N°. 440 26 Sept. 03 e.c. toxine , 

27 
" 

local tetanus 

L 28 " 
dying 

29 " 
dead I 

J 
As we had to considel' the possibility that the immul1lty of goat 

B did las! langer becanse tlllS animal was less fit ia pl'oduce anti­
bodles against tJol'se albumen than gaat A, we have repeated tlJe 
experiment on two other goats. 

We chose again two goats of aboll t ! he same age and size, and 
injected snbclltaneously into goai C 80 A.V. in 20 r.c. se ril 111 , inlo 
goat D 80 A.U. in 40 e.c. sel'um. At the 10th , 17th , 24th and31,t 
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E X PER I MEN TN°. 4. 

Go at C. Go a t D. 

N°. 448 20 act. 0.2 e.c. serum N° 451 20 act. 0.2 e.c. serum 

21 " 

22 " 

23 " 

24 " 

30 " 

0.3 e.c. toxine 21 " 0.3 e.c. toxine 

N). 449120 act. 0.3 e.c. serum 

21" 0 3 e.c. toxine 

22 " 

23 " 

24 " 

30 " 

N°. 450 20 act. 0.4 e.c. serum 

21" 0.3 e.c. toxine 

22 " 

23 " 

24 " 

1

30 
" 

local tetanus 22 " 

local tetanus 23 " 

local tetanus 24 " 

dying 

local tetanus 

!ocal tetanus 

loca! tetanus 

dying 

local tetanus 

local tetanub 

local tetanus 

lives 

25 " 

N° 452 20 Oct. 0.3 e.c. serum 

21" 0.3 c c. toxine 

22 " 

1

23 
" 

24 " 

25 " 

N°. 453120 act. 0.4 e.c. serum 

I 21" 0.3 e.c. toxine 

22 " 

23 " 

24 " 

25 " 

CONTROL. 

Mouse I Date I Subeut. I Result 

N°. 454 21 act. 0.3 e.c. toxine 

22 " 

23 I) 

10ca! tetanus 

dead 

I 

no symptoms 

1 no symptoms 

slightloc. tetan. 

slight loc. tetan. 

no :::.ymptoms 

no symptoms 

no symptoms 

no symptoms 

no symptoms 

no symptoms 

na symptoms 

no symptoms 
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;'.-".".--,--; 

<;0 at C. 

·Motlse I 
, "'f 

Date 

N°. 4~5 1'27 Oct, Il,~ e.c. serull1 

28 " , I .0.3 e.c. toxine 

.. , 29" 

30 " 

,31 " 

I,Nov. 

N°. 456 27 Oct. 1.8 c,c. serum 

28 " O.~ e.c. toxine 

·29 '" 
.. 

" 

. ," ~O " 
~1 " 

1 Nov. 

N°. 457 27 Oct. 2,0 e.c. s~rum' 

28" 0~3 e.c. tqxine 

29 " 

~o ," 
31 " 

1 Nov. 

Mou~e I 

.. -,' . 

E.X:P E RI 111 ENT :N.0 .. :5. 

ResuIt 

IocaI tetanus 

dying 

dead 

IocaI tetanus 

:dying 

dead 
" 

IocaI tetanus 

Ioc~I tetanri's 

dead 

G.oat D. 

Mo~se.:I. 'Date 1',~.SUbCUt., 
N°. 458 27 Oct;,,0.8 c.c._s,ernm 

28 ":_k,!,.Q.3 e.c. toxine 

, 29, " 

30, " 

~L" ' 
I Nov. 

N). 459 27 Oct.". Q,.9 e.c. serum 

28 ",' Q.3 e.c. toxine 

. , 21)" 
".:; 

.' ,,30 " 

31 " 

1 Nov. 1 

ResuIt 

IÓc;l.I tetanus 

Iocal tetanus 

! IocaI tetanus' 
I l Iives 

, IocaI tetanus 

IoçaI tetanus 

IocaI tetanus 

Jives 

N°. 460 27 Oct. 1,1.0 e.c. ,serum:~ 
28 ", 0.3 e.c. toxine 1 

29 " 

,30, " 

31 ," 

r Nov. 

nosyinpto'ms 

no symptoms 

no $ymptoms 

no symptoms 

Date I 'SUbcut. ""I ' ResuIt 

N°. 461 28 Oct., o.~c.c. toxine 

','. 

29 " 

~o " 
31 " 

Ioca!,' tetanus 

dying 

dead 
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, 79[1' 

, EX P ER I MEN T N'. 6. 

GoatC. ,Goat D. 

"M6~se -1':' Date': I 
" 

I 
,Subcut. Mouse, I Date 1 Sübcut. 

I 
Result 

I 
Resllit 

N°. 4621 
:. '.' 

3 Nov. ·2.0 e.C. serum N,o. 464 3, Nov. 2,0 e.c. serum 
, . 

4 '0.3 e c. toxine. 
" 

4 
" 

0.3 e.c. toxine 
: 

5 
" - loca! tetanus 5 

" 
no symptoms 

.,' . ,', 

6 
" 

dead 6 
" 

no symptoms 

7 
" 

no ,symptoms 

" 

~ 8 
" 

no symptoms 

7 ", 
I 8 ,', " 

N°. 463 I· 3' Nov, 2,0 c,c,seru,m-I 
I' . 1 

N.::>.4651 
:1 

3, Nov. I,z' 0 e.c. s~ru~, 
I ' " 

4" 0,3 c,c. toxine 1 
, , 

,·5 " 

'6 " 

7 " 

8 ;;1 

.. Mouse I ' .. 
\ 

I 

N°. 466 
I 
-

iocal tetan'us 

dying 

dead 

CON TROL. , 

Date I, 
I . Subcut. 

'4 Nov. 0.3 c,~. toxine 

5 " 

6 " 

I 

I 
I 

4" I 0.3 e.c. toxine·' 

5" I no symptoms 

6 " no symptoms ' 

7 ".,. 

8 ' , 

" 
.-

., Result 

lo'càl tetanus 

dead I . 

no symptoms 

no symptoms 

day' aftel' the immuni~ation .both goats. wet'e bIed and. thè anti­
toxic pot~n,cy of their serl:1Ïn. was cOl~pal:ed., . .", . 
,A~ it 'appeal;s from the expeÏ'inients 4, 5, and 6, the, ~~esl1~ts we re 
quite ëonfói.'nla,ble to those we ,gat fCH'goats A anel B.' ' 

. The l'esult' of . ~he' 'expel'imënts meniionecl' t.tbove, shows cleal'ly 
that, totix the dosiE; ofan' immune sel'urrI' which has' to beinjecteel 
to' tl.cquire au 'immUility of a cei'jain e1eg'l'ee and dUl'ation, not only 
attention ,has to, bé jiaicl to the titre of the set'um, as now ~ genel'ally 
happens, 'btt~ álso:tothe quantity. The' quantity maymot be"chosen.· 
too,small, beeall~~ Jhe, ~organis!l1d!3fençls, itself, ~g~i~~t thc IlE~të~;olo-

• ". '11 • ~, ' , • ~ • 
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gOllS serum and is easily able to destl'oy a small quantity in a few 
days, e\'on if the titre is \fel'y high. 

To obtain all itllll1l1tlity fOl' a. longer time, a. qnautit.r ofsol'ut11 bas 
to lJC injectecl, which the ol'ganism, even if it clefencls itself vigo­
I'ollsl,)' against the fOl'eign 13el'll m, eannoi dest roy too E>oon. The 
c!isac!vantage that is atlached 10 the injection of á lal'ge quanlüy of 
sel'llm, namei,)' the c!eveloping of symptoms of serum c!isease, whieh 
111'e al wa.ys tem pOl'l1l',)' , is not of gl'eat importanee when a pel'ilons 
iIlnoss is to be pre\'en teel. 

Relatjng to the passlvei 1111l111tlizatIOJl of the wOllnc!ec! against tetanus, 
whiclJ ga\'e dse to our resem'eh, we C'.'1.me tberef'ol'e to tlJe conelu­
sion that tltel'e is ausolutel,) no caUfSe 10 \Ise fol' this plll pose, aE> 
noH' commonl,)' happens in all!' country, an antltetanus serum that 
contains 111 Olle e.c. 4 A.U. 

The injection of 10 e,c. antitetaullS serum with a Wt'e of 2 A.U. 
desel'ves to be pl'efeneeL beeause iJl this way, all eq ual degree of 

\ i mm UIl i Iy is procluced as by injectioJl of 5 e.c. an ti tetatlllS serum of 
4 A.U., anc! tbe imtl1unity lasts longer. 

M01'eOyer, the l'eslllts of OUt· expcriments give an impol'tant incliealion 
conceming the imlfJunizaliolJ against cliphthel'Ïa. Years f.lgo, wlten in 
all countt'ies diphlhel'w serum wn,s used with a titre of abont 100 A.U., 
jt has been fixed empit'icall.v that the injection of 5 e.c. serum 
(= 5Ul) A,U.) was snfficieni 10 proteet a cllllcl against c1ipl~tltel'ia for 
about 3-4 week~. Aftel'wal'ds iJl some conntl'ies the titre of the 
diphthel'ia sel'um has been rd,isecl more and more. If now, - relying 
on the false snpposition, tbat the duration of the il1lmlJnity has 
1I0thing to do with Ihe quantity of serum that is inoculated -, to 
pl'event diphthel'ia, 1 e.c. diphthel'ia 8el'um with a titJ'e of 500 A.U. 
is injected into a child, expectillg to get in Ihis way tbe same l'eslllt 
as formerly wilh the injection of 5 c.e. with a titre of 100 A.U., 
thel'e is a gl'eat chance that the immunity, inslead of 3 Ol' J weeks, 
on IJ la5ts 1 week. 

Chemistry. -- "On th!~ Allotl'opy of the Ammonium Halides". III 1). 
Bj' Dl'. F. E. C. SCHEI!'Ji'ER. (~omll1unicated by Pl'of. P. ZEEMAN.) 

(Cornmunicaled in the meeting of r\o\'. 25, 1916). 

~ 
~ 14. In ~ 1 I saiel that in the oldel' literatlll'e statements OCClll' 

whieh point to the orCUl'renr.e of two different modifications of am­
monium bromide anel ammonium C'hlol'ide, anel tlu!,t it has been 
demonstrated in a paper by WAT,LACI~ thaf ammonium bl'ornid.e is 

1) Fit'st papel', These Proc. XVl/I p. 446. Second paper. These Pl'oe, XVIII p. 1498. 


