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| A, T. GLENNY, BarBara E. HopkiNs AxD Hinpa WaDDINGTON.
| Wellcome Physiological Research Laboratories, Beckenham, Kent.

|Eartier work on the subject of passive immunity has shown that
lantitoxin given to a sensitive animal is rapidly lost from the circulating
Iblood. The rate of disappearance has been traced in rabbits previously
Jsensitised by small doses of serum such as are present in 10 c.e. of
foxin-antitoxin mixtures used for human immunisation (Glenny and
[Hopkins, 1922). It became evident that this rate of loss might have
an important bearing upon the effect of an injection, in a sensitised
Bnimal, of a toxin-antitoxin mixture, causing possibly the rapid
plimination of either the antitoxin alone or the mixture as a whole. Tt
fwas also considered that, apart from the question of direct loss of
gmaterial injected, the cellular activify and the preeipitin formation
I-_.- follow the injection of serum into a sensitive animal might
fnhibit or interfere with the immunising power both of toxoid and
"n-antitn:-:in mixtures as primary and secondary stimuli. In this
lpaper, we shall deal with experimental work directed to investigate
hese two aspects of the subject.
| - The possibility of a rapid elimination of the antitoxin from a ftoxin-
jpotitoxin mixture when injected into a serum sensitive animal was
! ivestigated on guinea-pigs. These animals were given toxin-antitoxin
juixtures in doses sufficiently large that if the antitoxin alone were
o8, there would remain in the circulation several lethal doses of toxin 3
finea-pigs not previously sensitised were used as controls. The
srum-sensitive animals did not succumb to the injection, and produced
110 larger swellings than did the control pigs. It was therefore con-
fluded that if any elimination had taken place, both the toxin and
fntitoxin had been eliminated from the cireulation.
| Table I. and charts 1 and 2 show the results of an experiment upon
|I influence of precipitin formation upon the antigenic effect of a
oxin-antitoxin mixture (T.A.M.) given as a secondary stimulus,
Previous experiments had shown that in a normal rabbit precipitin produc-
#on begins about the seventh day and is thus less rapid than in a sensitive
nimal in which rapid production begins four days after the injection of sertm,
| b that the injection of a toxin-antitoxin mixture, preceded four days by serum,

‘fould probably be unable to produce any immunity response if rapid elimination
805 A
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oceurred. A rabbit, (i. 39, was made sensitive to horse serum and activ
immune to diphtheria toxin by the injection of a diphtheria prophyl

mixture. Seven months later, a secondary stimulus produced a rise in antitoxi
titre. After a further rest of another two weeks, the rabbit received 05 c.c.. _'
normal horse serum ; after a further four days, when precipitin formation woule
be expected, a sumndnr;,f stimulus was given consisting of 5 c.c. toxin-antitoxin
It can be seen that the effect of the stimulus was very small indeed,
antitoxic econtent of the blood only rising from its original 0°22 unit per c.c. 8
0'3 unit per c.e. The second injection was given after a pause of thirty lay
when the antitoxic content had dropped to 009 unit per c.c. and no norms
serum was given beforehand. At the end of eight days, the antitoxic valul

of the blood had risen to 0°70 unit per c.¢. Twenty-three days later ano
dose of toxin-antitoxin was given preceded by horse serum and twenty-fou
days after that toxin-antitoxin alone. The results obtained from the third ans
fourth injections were very similar to those obtained from the first and secoms
respectively, the third stimulus having very little effect, the fourth producin
a large rise in antitoxic value. The same mixture and the same dose wer

employed for all four injections.

Tarre 1.

Showing the effect upon the secondary stimulus response of two vabbits of th
intravenous injection of serum four days before the subcutancous injection ¢

i toatn-gntitorin mixture.

Babblt . . . 82 ] W

|

Interval after last injection . |18 days 30 da]rsl 23 days | 24 days | 6 mths. |5 weeks | 6 we
Volume of normal horse serum '
injected 4 days before|:05ce| - |0Hee - | = 05 e.c.
toxin-antitoxin mixture
Volume of toxin-antitoxin|5'0c.c.|50cc |b0ce (50ce 5Dece|50ce
mixture injected (B. 543)

Units of antifoxin per c.c.

Before injection of toxin- | 0-22 008 0-15 014 0003 | 0°035
antitoxin mixture
1 day after
2 days after ay apeg 14 a8 0-09 0-18 0-12 0-003 | 0085
3 £
4 5 . ; .| 018 025 022 0-30 0-22 005
= y
g £ 4 : . 0723 060 035 0-70 0-5b 0-16
8 3 . . 030 070 b 020
@ " - : ; 035 050 020
10 5 5 o | 030 11
11 5 . : 0°50 035 gil 0-40
1z s . sia 0-20
13 " ' . 030 030 0-9 L]
]-'1 EL ] " nrw 0"][‘ anm mam anm )
1'5 L1
16 o S A 025 0-20
17 £1
18 ’ . . . 0-18 i 0-11
19 3 " - - 0-13
20 "
21 "
23 L1
23 5 : . . 0-14
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The explanation seems fairly clear; the second and fourth injections
of a toxin-antitoxin mixture into an immune rabbit produced the
large increase in antitoxin titre which we know from many previous
experiments always occurs under such condifions e the rise following
a secondary stimulus.  As contrasted with this, the result produced by
the first and third injections was small because the action of the toxin-
antitoxin mixture was inhibited in some way by the injection ﬂf
normal horse serum and sequent precipitin formation. X

A similar experiment was performed on rabbit G. 7, and the results

obtained conform with those of rabbit G. 39; table I. and chart 2 show =
the details. ,

Tasre 1L

Showing the effect upon the primary stimulus vesponse of three rablbits of the

intravenous injection of horse serum fowr days before the subcutaneous
injection of a toxin-antitorin mixture,

Bablilt v o . | G. 58, G. 41, a. sl.
Previous history . .| normal serum sensitive normal =
Volume of norrual horse :
serum injected 4 dn.ys]- - Lec.e. 10 c.e. .
before toxin-antitoxin | |
Primary stimulus . . | 25 c.e. (B 543) | 25 c.e. (B 543) | 25 c.e. (B 543)
|
Units of antitorin per c.e a
Before injection of toxin- nil * nil nil 4
antitoxin i
-} week after . . . ba " . i
l{r weeks after. . ; 0006 - 0-01
¥ 4 x : " 0-015
215 - : ; ; 0009 ¥ 0-015 4
3 e - - : 0-011 o 002 3
3k i . . . 0012 as 0-03 1:
4 LT " - - ﬁ.ﬂﬂi s ‘:I 'ﬂE‘
41 v by - : 0022 i 0-07
i g - - : 0025 e 0-07 3
51 i FARE STy 0033 y 007
ﬂ (L] - - - 0“}33 aEs
i ” . . : 0-033 <
7 s : - z 0-033 :
7% i 5 - : 0033 -
8 " . ' . 0-033 2 l

&= Nil means elther no antitoxin or legs than 000005 unit, 4.6 the smallest amount that wea
ordinarily teat for.

The first injection given six months after a previous stimulus, which was of
toxin-antitoxin alone, raised the antitoxic content of the blood from 07003 unit
per ¢.c. to 0565 unit per c.c. in six days. The second injection given five weeks
later and preceded four days by an injection of normal horse sernm produced
no higher value than 0°20 unit. The third injection of toxin-antitoxin alone
confirmed the results of the first. The value before injection was about the
same as before the second injection and the interval between the second and
the third stimuli corresponded to that between the first and the second stimuli
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Again we find that the injection of homologous sernm, four days before the
injection of a secondary stimulus (toxin-antitoxin), into a serum sensitive rabbit
which is immune to diphtheria toxin greatly reduced the effect that would
otherwise have been produced by such a secondary stimulus.

These experiments all relate to a secondary stimulus in animals
already immune, and seem to give very definite results. It was now
decided to try the effect of sensitising a non-immune animal before
giving the primary stimulus, 4.6 the first injection of diphtheria toxin
and antitoxin mixture.

Antitaxic waldg

io wnito por Q.0. CHART 3
0,07 Enbbit G.B81 —
[ertm piven to normel rabbit)
—ﬂ-W —_
= 0,05 =!
= 0.04 L]
Peubit G.53

— .03 Ino eerus given) ==
= 0.08 =]
— 0,01 —
0. 000 Eabbit G.41 =

{gerum given to eerum gsensilive rabbit)

0 Neaks 1 2 & & & & 4 &
'l il | [ i 1 i i

Table IT. and chart 3 show the results of an experiment on three non-immune
rabbits, G. 53, G. 41 and G. 81. A normal rabbit (G. 53) received as a primary
stimunlus 25 c.c. of the toxin-antitoxin mixture B. 543. At the end of one and a
half weeks its blood contained a titratable amount of antitoxin, and at the end
of five and a half weeks the antitoxic value had risen to 0°033 unit per c.c.
This was a reasonable response and showed that the mixture was a good antigen.
A sernm-sensitive rabbit (G. 41) received the same amount of the same mixture
four days after an injection of 1 c.c. of normal horse serum and the mixture
produced no detectable antitoxin. This dose of toxin-antitoxin repeated
six months later did not act as a secondary stimulus, showing that the
rabbit had not been actively immunised by the previous injection. A normal
rabbit (G. 81) also had normal horse serum four days before an injection
of toxin-antitoxin but in this case the immunity production was in no way
impaired.
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Summarising this experiment, we have three rabbits, two normal
and one serum sensitive. The two normal animals received an injection
of a toxin-antitoxin mixture, but in one the mixture was preceded four

Tasre IIL
Showing the effect upon the primary stimulus response of three rabbits of the
intravenous injection of hemologous or heterologous serum four days before
the subcutaneous injection of a torin-antitorin mixture.

Rabbit . 87. 88, 100, 115, 125. o8
Weight in grams . ; 20920 2920 2920 2010 1800
Sensitised to serum i’mm - . cow goat horse goal
Injected intravenously with 1
e.c. of serum from . ; .| cow horse horse goat
Interval . : S : . | 4days | 4days | 4days | 4 days I
Primary stimulus . . .| 60ce | 50ce | 50cec | 50ce | G0ce
B.65¢ | B.664 | B.654 | B.és4 | B, 654 |
Antitoxin produced . . . nil nil nil nil nil |
Interval . 30 days | 30 days | 30 days | 30 days | 30 days |
Injection of toxoid Y.M.B. 101 | 005 c.c. | 0:05 c.c. | 0°05 e.c, | 005 c.c. | 0°05 e.c. i
Time interval, Antitoxic valus in units per c.c. I
Oday . 2 i ; 5 nil nil nil nil nil
1 ' " L " " " L £ 1] " LL] % [}
2 (].-ﬂ.}"‘.r"' o . . . s bt an W e
3 L1
i 33 . ® s ® s EE] L1 L] LE ] L 2
L 1
B 4 P ] 055 " " 0-06 I
T 5
B . - 175 - " 025 |
g £l |
1 . -
1 , . ' : . w4 08 0-01* " 0-2 |
12 LE] : |
Secondary stimulus response . nil good nil nil good '
Interval . : . | 38 days ; 33 days
Injection of Y.M.B. 101 . | 005 c.c. i 005 c.c. e
Time interval. Antitoxic value in units per c.c.
0 day . : . nil nil 2
1 - = £l - " " "y T "
2 days : i . 1
3 L1 i\
4 % g 005 0-12 :
B
6 . i 025 055
'F "
B 04 0°45 .

= 0h wnit thirteenth day, and 0-06 anit u!g,hlﬂnt.ll day, Indicating that s primary
response to toxoid had occarred.

days by normal horse serum. DBoth animals produced good immuuit}’é
The serum-sensitive rabbit, given normal horse serum followed four
days later by a toxin-antitoxin mixture, failed to respond. Thus




INTERFERENCE IN ANTITOXIN PRODUCTION 311

absence of immunity oceurs when toxin-antitoxin is given at the time
of precipitin formation. In a normal rabbit precipitin begins to appear
at about the seventh day and had rabbit B. 81 received its dose of toxin-
antitoxin seven or eight instead of four days after the normal horse
sermmn the former would have been a less effective stimulus, but given
on the fourth day the antigen was able to produce a maximum response
- undisturbed by precipitin accumulation.

The number of animals in this experiment was too small to do more
than give slight support to our general conclugions, and it was not
possible to decide whether the horse serum during its rapid elimination
took with it the toxin-antitoxin complex and thus caused a reduction
in response, or whether the antigenic response to diphtheria toxin was
gsuppressed or “crowded out” by the already existing activity of
response to horse serum. In the next group (see table IIL) of
experiments we therefore studied the effect of injecting toxin-antitoxin
mixtures made with horse serum, into cow, goat, and horse-serum-
sensitive rabbits, previously injected with homologous or heterologous
Serum.

The antigenic value of the mixture injected was not high enough to produce
detectable antitoxin in the control rabbit (3. 128, but was sufficient to produce a
% ground immunity ¥ or primary stimulus response for a large seeondary stimulus
response followed the injection one month later of 0005 c.c. of modified toxin,
Y.M.B. 101.

Rabbit 88 previously sensitised to goat serum was injected with normal horse
gerum, followed four days later by a toxin-horse-antitoxin mixture B. 654,
The mixture acted as a primary stimulus, and that basal immunity had been
established was shown by the rapid production of antitoxin which followed the
injection thirty days later of 0005 ¢.c. of diphtheria toxoid Y, M.B. 101—the toxoid
acting as a secondary stimulus.

Rabbit 109, horse-sensitive and injected with horse serum four days before
the toxin-antitoxin mixture failed to become actively immune. The delayed
response to the subsequent injections of modified toxin was such as would oceur
~after a primary stimulus,

Rabbits 87 and 118, sensitive respectively to cow and to goat serum, were
injected with cow and goat serum. No antitoxin was produced as a result of an
injection of toxin-horse-antitoxin mixture, and the absence of a secondary
stimulus response to an injection of toxoid one montb later showed that no
active immunity had resulted from the injection of toxin-antitoxin. A later
injection of toxoid Y.M.B. 101 acted as a sccondary stimulus showing that the
rabbits were not refractory and that the first injection of toxoid had acted
a3 a primary stimulus, although the earlier injection of toxin-antitoxin had

failed.

It must be pointed out that the nmormal horse, cow and goat serum used
throughont these experiments did not contain any *detectable” antitoxin.
The smallest amount of antitoxin that we can detect with any degree of certainty
is 0°0005 unit per c.c.: it is not probable that the presence of less than this
amount of antitoxin would have any specific effect upon the antigenic values of
either the mixture or the modified toxin nsed,
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These results may be summarised as follows :—

Probable Antigenic reaponze
Rabbit. SEIARTR S0 nfated precipitin el e Ll
' on, sBram.

128 - = = gt
38 t horse - +
108 orse horse horse ~
a7 Cow COw COw -
118 goat woat goat =

The formation of precipitin to cow and goat serum prevented an
antigenic response to the injection of a toxin-antitoxin mixture with
horse serum. We infer from this that the failure of a toxin-horse- |

antitoxin mixture to produce immunity in animals produeing preeipitin
to & heterologous serum must be due to an interference of activity
by the precipitin formation and not an elimination of the antigen.

This interference of activity should also be made manifest when
the secondary stimulus contains no antitoxie serum. The next experi-
ments were therefore performed to see whether this “crowding out”™

TapLe IV.

Showing the effect of the intravenous injection of normal hovse serum wupon
primary stimulus vesponse of rablits to towoid.

Babhl o i = L BZ. | 4k 56,
|
Sensitive to serum from . - ; - horse horse
Injected ml:ru.venurusly with serum
% . ; : : : horse horse horse
Interml : 4 days 4 days 4 days
Primary stimulus of Y.M.B. 101 . 01 c.e. 0405 c.c. 071 e.c.
Time interval, Antitoxic value in units per c.c.
0 day . : . - . - nil nil nil
‘ dﬂ-j"ﬁ- & - - " - L] "y an LE]
T LT " » = - - " =% L1 L]
e : g : : : 0 a5 2 |
i 1% | ; . - : : 033 e o, |
2% s o ; : : 5 : 0-25 o i |
R e e ta 4 P 0-12 3 - s
—— = o
Interval . 33 days 33 days |
Seuundnr}r stimulus of Y.M.B. 101 0-05 e.c. 005 e.c. i
- |
Thme interval. Antitoxic value in units per c.c. I
0 day . ; ; . . . nil nil
2 days . : g g : 5 I o
e g TSR T R 004 06
i s E ; ; ; s 275 375
H EL] = - - & s - 2‘?5 2"25
11 . : s . N 175 175
15 : P 12| 1-2;-
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of immunity response occurred when diphtheria toxoid was used in
place of toxin-antitoxin mixtures as a primary stimulus and also as
a secondary stimulus, Table IV. shows the results of injecting
diphtheria toxoid as a primary stimulus during or before formation
of precipitin to horse serum. The number of animals used in this
experiment is so small that the results are not very convineing.

Rabbit 82 without previous treatment was injected intravenously with horse
gerum four days before the subentaneous injection of modified toxin. A large
response occurred giving rise to an antitoxie titre of 06 unit in ten days. This
response is one of the greatest that we have cver recorded : eleven rabbits were
at different times injected with either 0705 c.c. or 071 c.c. of this same modified
toxin and only one reached a higher titre than 1/100th unit. The other two
rabbits 49 and 55 were already horse-sensitive and were injected with horse
'serum four days before an injection of toxoid. No detectable antitoxin was
produced but a second injection of toxoid thirty-three days later was followed
by a rise in antitoxic value showing that some immunity had resulted from
the first injection. The experiments show that the injection of diphtheria toxoid
into rabbits actively making precipitin to horse serum produces some immunity

response, though probably the toxoid is of lessened efficiency under these
conditions.

A more striking result is obtained when diphtheria toxeid is given
as a secondary stimulus to serum-sensitive animals. The most satis-
factory method of comparing the secondary stimulus response in
a number of animals subjected to different freatment is to repeat
the injections on several occasions over a long period of time and

to observe the behaviour of a group as a whole rather than each
animal individually.

A series of rabbits immune to diphtheria and sensitive to horse serum was
injected on four occasions with a doze of toxoid and on alternate occasions this
dose was preceded four days by an injection of normal horse serum (see table V.) ;
on each occasion, some of the rabbits received normal horse serum and after-
wards toxoid while others had toxoid only ; thus the rabbits fell into two groups,
1 and 3. An additional group 2 was formed by two rabbits that were not
serum sensitive at the commencement of this experiment: their primary
stimulus to diphtheria had consisted of toxoid alone and not of a toxin-antitoxin
mixture containing horse serum. The initial antitoxic content of the blood
immediately before the secondary stimulus was found and also the maximum
value reached six, eight and ten days subsequent to the injection.

Table V. shows that the injection of normal horse serum four days before the
injection of toxoid caused a definite reduction in immunity response. In the
first group the first injection of toxoid was preceded by one of normal horse
serum. There was considerable variation in response to this injeetion but all
four rabbits showed a greater response to the next injection of toxoid not pre-
ceded by horse serum. The second group consisted of two non-sensitised animals
and there was no marked difference between the results from the first and
second injection of toxoid ; one rabbit showed an increased and one a decreased
response. In the third group one rabbit showed a decreased response to the
second injection preceded by serum. Comparing the responses to the second
and third injections we may include groups 1 and 2 together because the
injection of horse serum in April rendered the rabbits in group 2 serum sensitive.
Although the dose of toxoid injected in July was increased to 5 c.c. only one
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rabbit, (i, 218, out of six showed a big increase in response to the third
injection and three responded to a smaller extent to an injection of 5 c.c. of
toxoid preceded by horse serum than to the previous injection of 1 ec.c. not
preceded by serum. In the third group however the injection of toxoid in July,
not preceded by horse serum, produced an increased response in all four rabbits.

Similar results are seen when the third and fourth injections are compared.
In groups 1 and 2, horse serum was not given before the September injection
and an increased response was produced in all six rabbits while the inclusion of
horse serum in group 3 caused two rabbits to show a lessened response while the
remaining two remained at the same value.

TasLE V. |

Showing the antitoxic value of the serum of ten immune rabbits after each of four
injections of diphtheria toxoid preceded on alternate occasions by an injection

of normal horse serum, |

Date of injection. April. Juns. I July. Bepteomber.
Toxoid injected. .| 10 c.e 10ee. | 50ce soce |
(same for all 3 groups) |

4

Grour 1,—Nabbits serem-gonsitive al start, i

Mormal horse serum . G0cce nil §0cc nil |
Rabbit 217 . .| 25 units 55 units 45 units 70 units |
- - - 10 176 &0 2000 #

s 222 § F L1 . 175 o 20 . B0 i

an Eﬁ‘ B - 'ﬂ"ﬂ A ].'25 (1] ﬂ‘s L1 5’“ am t

= i i

= |

Guouve 2.—Control rabbifs not previously serum-sensitive. i

| | [:
| MNormal horse serum . b0ec. mil Shce nil 1
| Rabbit215 . . Eﬂ-ﬁ] {a] units| 1-0units | 1'5(})units | 5-0units |

A : o | K20 () s B 35 . 50

{#) Rabbits not serum-gengitive therefore figures not comparable with group 1. { :
(&) Rabbits now serum-sensitive from Infection of gerum in April and ligures now i q
i comparable with group 1. ]
Grove 3.—Rabbifs serum-sensitive at start,
Normal horse serum . nil 50 ee mil 50 ce ;
| Rabbit 216 . 15 units 09 units 25 units 2:3 units |
[0 et EED . g 125 . a0 . 35 5

5y o205 ; 1eh = il ri N b | R

i o 20 b 15 ,, &5 ., 120 g 2

Summarising the results, we find that on all fourteen occasions th§
response to an injection not preceded by horse serum (in sensitised |
rabbits) was greater than the response to the previous injection
preceded by horse serum, while six out of fourteen injections prec&de@
:

N
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by horse serum produced a smaller response than the previous injection
without horse serum and on two other occasions there was no inereased
response. It is clear therefore from the figures given, that the injection
of normal horse serum into horse sensitive immune rabbits four
days before the injection of toxoid lessens the response produced.
Therefore, precipitin formation interferes with the action of toxoid
as a secondary stimulus.

CoNCLUSIONS.

1. If a rabbit be sensitised with horse serum and is later given
an injection of horse serum, rapid precipitin formation follows; if
an injection of diphtheria toxin-horse-antitoxin mixture be given
during this stage of active precipitin formation, the mixture fails as
a primary and a secondary stimulus.

2. It is believed that this observed phenomenon is entirely due
to a “crowding out” of cellular activity by precipitin formation, and
it is shown in support of this view that:—

(#) Precipitin formation prevents the action of foxin-horse-
antitoxin mixture even when heterologous cow or goat
serum precipitin is being formed.

(5) The formation of precipitin to horse serum has a marked
inhibitory action on the antigenic power of diphtheria
toxoid.
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