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BLOEDPENS STRAIN OF ‘‘CL. WELCHII'', TYPE B, WILSDON.

presence of 2 tovie fractions which he named a ° haemo ’’- and
““ myo ’-toxin. he writer (unpublished work) was unable to con-
firm this (by absorption with red cells and muscle) and the results
of Dalling et al. (1928) and Mason and Glenny (1928) showed that
antitoxins of widely different origin all neufralized the toxin of one
Cl. welchii strain, the titrations being carried out intramuscularlv
(i.m.) or infravenously (i.v.) in mice or haemolytically against rabb

red cells. * Further, the writer has, over a period of 7-8 years, titrated
antitoxins of different orvigin against the toxins of about 6-8 different
welch strains; neutralization took place in every instance. Simonds
(1915) classified Cl. welchii acc ording to its fermentative action on
various sugars. Dalling and the writer (unpublished work) received
from another'laboratory 4 strains classified according to his method -

toxins prepared from them were neutralized by an antitoxin prepare

against C'l. welchii. '

The foregoing brief review indicates strongly that the toxins
produced by “classical Cl. welchiz are serologically identical. No
indication has yet been given that this germ produces more than one
toxin, and further, the Tethods of testing applied (i.v. mouse, i.m.
mouse, i.d. guinea pig, and haemolytic) would point to its various
actions being due to the same toxic principle. However, in view of
the intensive work that is being carried out in various Taboratories
in different parts of the world on  the 1.D.—B. paludis—DB. ovitoricus
group of welch-like germs and of the interest that this will stimulate
in further investigations into the true welch group, it would occasion
no surprise if definite serological variants of ('l. welchii, more akin to
welch than to I..D., were reported upon in the future.

Apart from somme minor cultural vartations, the main difference
between the L..D. bacillus and Cl. welchii was shown to be in their
toxins (Dalling, 1928); the 1..D. toxic molecule contained some welch
toxin as evidenced by the ability of its antitoxin to neutralize welch
toxin, Weleh antitoxin, on the other hand, had no effect upon 1..D.
toxin, showing that its toxin contained mnone of the I..1). fraction.
McEwen (1930) described another welch-like germ, B. paludis. 'The
toxin of one strain (CT 40) was found by Mason Ross and Dalling
(1931) and by Mason (1933) to be serologically identical with that
of 1..D.

Bennefts (1932) isolated from the bowel of sheep infected with
“ Entero-toxaemia ”’, a welch-like germ, B. ovitoxicus, and Gill
(1933) recovered the same or a very similar organism from the gut
of lambs infected with ““ Pulpy kidney disease .- Bennetts stated that
B. ovitoxicus toxin was neutralized by L.D. and ovitoxicus but not
by paludis antifoxins, that welch foxin was neutralized by these three
antisera, that T..D. toxin was neutralized by 1..D., paludis, but not
by ovitoxicus antitoxins and that paludis toxin was neutralized by
L.D. and paludis but not by ovitoxicus antitoxin. (11l was able to
neutralize the toxin of his strain with one batch of L.1. antitoxiu
but not with a second bateh; the toxins and antitoxins of ovitoxicus
and of his germ cross neutralized, whereas paludis antitoxin failed to
neutralize either ovitoxicus toxin or that of his bacillus. 1t should be
noted that both the I..D. antitoxins used were propared under
Dalling’s supervision at the Wellcome laboratories. 1« 1e reason for
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The final article that need be mentioned is that of (lenny et
al. (1933). They examined the toxins and antitoxins of the L.D.
bacillus;, B. paludis and Cl. welchii and were able to detect 4 toxic
fractions in the toxins. These they designated ‘‘ alpha’’—the toxin of
classical Cl. welchir present also in B. paludes and the 1..D. bacillus
lagni) filtrates; ‘‘ beta ’—a mnecrosis-producing, non-haemoly+ie
toxin, not present in welch but the predominant constituent of L
and = paludis filtrates; ¢° gamma ’—a  constituent of L
(agni) filtrates, lethal to mice and not neutralized by alpha or beta
antitoxins. Its presence could only be inferred hecause sera were
“encountered with a high protective power against L. . (agmi) filtrates
as judged by the intradermic injection of guinea pigs and low
protective power in mice (i.v. inoculation). This toxin i1s probal
contained to a slight extent by paludis filtrates; ‘¢ delta ’—a
haemolysin produced by B. paludis and probably to a much less
extent by L.D. (agni); and ° epsilon ~’—a necrosis-producing toxin
assoclated with Wilsdon’s Type D (B. ovitozicus) bacillus. This toxin
18 neﬁltralized by L.D. sera prepared prior to 1930, but not by recent
batches.

A brief summary of the results of research on the toxins of the
Welch-L.D.-paludis-ovitoxicus group is as follows. There are three
main toxins produced (following Glenny’s unomenclature):—
- alpha >’ produced by all members, *‘ beta’ produced by Ili.
paludis, and according to Dalling and the writew’s earlier results
to a slight extent by ovitoxicus but not by classic: l. welchiv and
“epsilon ”’, produced by the original L.D. strain : by B. ovitowi-
cus but not by B. paluds ov Cl. welchit. ** Gamma *° 1s a lethal but
non-necrotic fraction produced by L.D. and probably to a slight
“extent by paludis and ‘* delta >’ 1s a haemolysin formed by paludis
and to a slight extent by 1..D.

)S.
Toxix PRODUCTION,

Robertson’s meat broth w-~ used in all instances, being
thoroughly boiled and rapidly cor :d just prior to inoculation. After
18 hours’ or 5 days’ incubation at 379 C., the culture was passed
through paper pulp and then through a Berkefeld candle, and if the
toxin was to be used in the liquid state was preserved by ad ng
enough phenol-ether (equal parts) to make a 1-0 per cent. concentra-
tion. Dry stable toxin was obtained by saturating the toxic filtrate
with ammon. sulph., pressing the precipitate, and « ;ing it en vacuo
over H,S80,. For use, 100 mgm. of dry toxin was dissolved in 5-0
c.c. of saline.

Toxoip PRODUCTION.

‘Enough formalin (40 per cent. formaldehyde) was added, ~ither
to the whole culture (freed from meat particles) or to the toxic: rate,
brought to pH 7-4, to make a 0-4 per cent. concentration and =
formalised material incubated o+ 37° C. until more than 0-25 c.c.
(injected i.v.) was required to k a mouse. This usually took from

3 to ¥ days. - - . o , -
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Pathogenicity.—The intramuscular injection of 0-1 c.c. of an 18
hours’ meat broth culture of BP into guinea pigs caused death in
from 15 to 18 hours. The post mortem appearance was very similar
to that produced by Cl. welchiz, Type A, to such a degree that the
writer could not differentiate, with certainty, those animals killed
with the BP organism from those killed with Cl. welchii. On a few
occasions, the post mortem picture recalled that produced by CIl.
oedematiens. The germ could be recovered from the heart blood and
liver of the animal shortly after death.

(C'ross ImymuniTy TESTS 1IN GUINEA PI16S.

(Bloedpens and Type B.)

Formol-toxoids were prepared from the P and Type B strains.
The latter germ was of the 1930 variety and thus incapable of forming
the epsilon toxic fraction.

BP Toxoid Immunized Guinea Pigs.—These received two sub-
cutaneous injections of 2-0 c.c. of toxoid at three weeks’ interval,
and were tested for immunity thirtee» days after the second inocula-
tion by the cumulative M. T..D. methc (see Mason, Ross and alling,
1931). Table 1 records the results.

TaBrLE 1.

Amount of Toxin tolerated by G.Ps. Immunized with BP Toxoid.

Test Toxin,
(M.L.D. withstood.)

G.P. BP 1. Type B, 1930, 1.
e 1-4

2o 1-4
B 16

L . 32-64

[ PN 14

(i T 8-16
Toviiin ‘ >64

[The ““1” of BP 1 and Type B 1930, 1 means that the tovin
was obtained from a culture incubated for one day (18 hours). he
toxoid used to produce immunity was made from a toxin of a one-day
cualture. ]

Type B, 1930 Tozoid Immunized Guinea Pigs.—_ e toxoid was
prepared from a one-day toxin. The injections, the test toxins and
the method of test were the same as noted for ‘“ BP ”’ toxoid
immunized guinea pigs. Table 2 gives the results. -
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v Tasre 3. :
Tatration of a large test dose (0-1 c.c.=100 M.L.D.)
‘ of B.P.1 toxin against antitozins..
Antitozins (cc).

Type B (1789). Type B (SC). Type C (pal).
0-004 = } hr. 0-02 0-004 ~— % hr.
0-005 — % hr. - 0-025 All showing -—O_-OOS — % hr.
—_— — symptoms | ———————
0-007 =~ 3 hr. 0-03 5 hours. 0-007 — 4 hr.
0-01 — o/n - 0-04 All dead o/n _m =~ 5 hr.
aﬁ; o/n—‘ 0-1 0-1 =+ o/n
0-1 +_0/n 0-25 i(725 — o/n
0-25 - o/n ! 0-5 —O; + o/n
05 + o/n ‘\*A_

[~ = died ; o/n = overnight; hr. = hour(s). Type B (1789) and (SC) were prepared

from a “ 1930 " strain.]

The results in table 3 show that such a relatively enormous dose
ag 0-5 c.c. of Types B and C antitoxins was unable to neutralize the
test dose of BP 1 toxin although the appearance of the mice after two
or three hours indicated that protection would be afforded. 7 at the
antitoxins used were of high value is shown by the fact at relatively
small amounts (0-004 c.c.—0-015 c.c.) neutralized 20 to 100 M.T..D.
of Type B, 1930 and Type C toxins. However, by reducing the test
dose of BP 1 toxin to 0-01 c.c. (10 M.Li .) full protection was
obtained, but 0-05 c.c. was not neutralized by 0-1 c.c. of antitoxin
and 0-025 c.c. sometimes was and at other times was not neniralized.
Table 4 summarises the results obtained, using a test dose« 0 1 c.c.
of BP 1 toxin.

TasLE 4.
Titration of a Small Test Dose (0-01 c.c.=10 M.L.D.) of BP 1
Tozin against Antitozins.
Antitozins (cc).

Type B (1789). Type B (SC). Type C (pal).
0-0007 ~ o/n = 2d. 0:0012 +~ 3h. = 5h. 0-0006 — o/n + 2d. + 3d.
0-0008 =~ o/n == 3d. | 0-0015 //// 4d. 0-0007 = o/n + 2d.
0-001 /// 4d. 0-002 / 4d. 0-0008 + 2d. / 4d.
0-0012 // 4d. 0-0009 // 4d.

(+ = died; / 4d. = mouse alive and well on the 4 day; h. = hours.)
370
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Before considering one point of importance in Table 4 the result
of determining the M.L..D. of a mixture of 0-1 c.c. of ] toxin and
0-015 c.c. of Type B (SC) antitoxin (theoretically a neutral mixture
from the results given in table 4) will be presented. This mixture was
set up in a multiple of 5; 025 c.c., 0-2 c.c., 0-15 c.c. and 0-1 ¢ -,
killed mice overnight; the mouse receiving 0-075 c.c. was ill after 3
hours, showed “ jumpy ’’ symptoms in 3 days but was alive after v
days. In the titrations recorded in table 4 and in this one, a number
of mice did not die until the 2nd or 3rd day, and one mouse showed
nervous phenomena not previously seen in titrating Type B toxin and
antitoxin. In a further series of tests put up to determine +he rise
in antitoxin content of the blood of goats immunized with ypes B
and C toxoids, these nervous phenomena and late deaths were again
encountered. It was at this stage that the writer consulted (by letter)
Major T. Dalling, who was engaged upon the toxins produced by e
original Type B culture and the * 1930 ”* subculture of it. He (T )
suggested that the BP strain was the same as the original Type B
culture and that the inability of the Type B antitoxin to neutralize
2 large test dose was due to the fact that it contained no epsilon anti-
body and the toxin did contain a small amount of the epsilor fraction.
This point and the relationship of the toxins of P, Types , C and
D produced from young (18 hours) and old (5 days) cultures was next
investigated.

As mnoted, 0-1 c.c. (100 - L.D.) of BP 1 toxin was not
neutralized by as much as 05 c.c. of two *“ 1930 ” Type B antitoxins
and one Type C antitoxin, but 0-01 c.c. was neutralized by quite
small amounts. This indicated definitely that, in the P 1 toxin,
there were at least two toxic fractions, one neutralizable by Type B,
1930 antitoxin and another, qu=niitatively in less smount, not
neutralizable by this antitoxin. =~ hen a test dose of -01 c.c. was
employed, this fraction was diluted below one fatal dose and thus was
unable to indicate its presence.

The experiments, summarised in table 5, show that, although
Type B, 1930 antitoxin was incapable of neutralizing 0-1 c.c. of
BP 1 toxin and 0-1 of BP 5 and Type D 1 and 5 antit~vins did not
neutralize 14 M.L.D. of this toxin, a mixture of Type 1930 anti-
toxin and one of the three mentioned antitoxins did neutralize 0-1 c.e.
of BP 1 toxin. (BP 5 and Type -1 and 5 means that the antitoxins

-

~weré produced by means of filtrates of 1 or 5 day cultures.)

* The results presented in table 5 confirm the view earlier expressed,
that BP produces an epsilon and a beta toxic fractior urther, it
is shown that the antitoxins produced with the 5 day toxin. and
the 1 and the 5 day Type D toxins contained so little or the anti-
Type B (beta) fraction that 0-1 c.c. was unable to neutralize 1 M.L.D.
of Type B, 1930 toxin. However, that Type D can produce, under
suitable conditions, some beta toxin will be discussed *» =n addendum.

Further, results, to be recorded later, show that 1 antitoxin
‘nieutralizes Type D toxin (not neutralizable by Tw , 1930 anta-
toxin). T ’ ‘
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Tanre 5.
Titration of BP1 Toxin against Antitozins.

Toxin (cc). Antitoxin {cc).
- Result.
BP 1. TypeB- | BP5. | Type D. 1| Type D. 5.
L PPN i 0-1 — — — — 36 h.
0-00TK. ... ... ...... | — - — 0-1 = o/n
00015 .. ... BT N 01 — < }h
0:0015. . ieiurnennn.. — 0-1 — - =~ o/n
0-1....... e 0-1 0-1 H —_ -+ 36 h.
L N 0-1 0-15 — — = 3d /4d.
(12 0-1 0-17 — — / 4d.
(11 0-1 02 — — / 4d.
L 0-1 — 0-02 — -+ 1d.
(10 0-1 — 0-025 — /7 4d.
(11 DU 0-1 — — 0-017 | = o/n + 2d.
(1 1 U 0-1 — — 0-02 // 4d.
Type B. 1930.

0-0005 (1 M.L.D.)........ 0-1= 01+ 0-1-

Type C.
0-0005 (1 M.LD.)........ 0-1+ 0-1= | .01+

[+ = died; / = lived; h. = hour(s); d. = day(s).]

In table 6, the results of titrating a large (0-1 c.c.) an a smell
(0-01 c.c.) test dose of BP 1 toxin against BP 1 antitoxin are recorde
TaBLE 6.

BP 1 Toxin, Large and Small T.D. versus BP 1 4;

Toxin (cc). Antitoxin (cc). Toxin (cc). Antitoxin (cc).
LI R0) O 0-01 +—- o/n, = 2, .
0-0L....oveiiniiiiis, 0012 =~ ofn, ++ 2,
001, 0-015 === o/n, t, 0-1 0:15 =+ o/n
L 0-017 —~ 2, = 4, 0-1 0-17 = o/n, -+ 4d.
0-0L...coiviiinnnins, . 0-02 /// 4. 0-1 0-2///

(- 2 - 4 = died 2, 4 days; t. = showed nervous “ turning ”* symptoms; / = lived.)

.
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ABLE 15.

Intradermac Titration of arious Tozins and  itorins.

ANTITOXIN ©C.
M.R.D.
Toxin ce. - \ of
BP 1. \ B8P 5. |TE. orig. 5./ Type D 1. ‘ Type D 5.1 Loxin.
| \ \
BPI....... ...T.D. 01 1 MRD | 01 RD 1 MRD ‘ 0001
0:045 [>0-1 0-004 = >0-1 :
BP5.......... T.D 0-1 01 0-01 0-1 0-1 0 25-3
0-02 0-01 0-003 0-0025 0-0025
Type B. orig. 5.T.D. 0-1 0-1 0-1 0-1 01 0-06-7
0-04 002 0-01 0-025 0 4
Type D, 1......T.D. 005 0-1 0-05 0-015-2
? 0-01 ? 0-005 7 0:001 7
Type D, 5......T.D. 0-0025 0005 0-005 0-01 0-01 0-0007
0-015-2; 0-012 0-03 0-017 0-015-2

(The figure opposite T.D. is the test dose used, the figure imme-
diately below it is the amount of antitoxin required to neutralize it.)

Ratios.
BP5......... 8 4 12 1 1
Type B. orig. 5 13 + 2 1 o
Type D, 1..... ? 4 ? 1 T
4 1% 3% 1 I
|

Type D, 5..... l

(The ratios were calculated from table 15 in the same way as
noted for the ratios under table L.)

The ratios given under tabl 5 show no correlation whatever.
Disregarding the figures for Type original 5 and Type D, 1 toxins,
by the use of which consistent results could not be got, and consider-
ing only those for BP 5 and Type 1), 5 toxins, it is clear that the
value to be assigned to the antitoxins varied greatly depending upon
the toxin used for the test. One is hesitant in sugges g the resence
of still another toxin to explain this discrepancy, but the existence
in the toxic filtrates of two fractions and of their antibodies in the
antisera, all in different proportions, would meet the facts.

It comes out clearly from the foregoing experiments that the
mtradermic method 1s a most unsuitable one for the titration of 1e
toxins or antitoxins of the D type.
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