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IMMUNITY OF GUINEA-PIGS TO DIPHTHERIA TOXIN
AND ITS EFFECT UPON THE OFFSPRING.

Part 1.

By H. J. SUDMERSEN, Pu.D.,
Axp A. T. GLENNY, B.Sc

(From the Wellcome Physiological Research Laboratories,
Brochwell Hall, Herne Hill, London, S5.E.)

SINCE the time Ehrlicha) established on a scientific basis many of
the main facts regarding the transmission of immunity as exhibited in
mice to the vegetable poisons, abrin, ricin and robin, many investigators
have concerned themselves with the subject of transmission of immunity
to various poisons and bacterial infections. Ehrlich first showed con-
clusively that the immunity transmitted from the mother was of a
passive nature, due to the transference of the antibodies from the body
fluids of the mother to the foetus through the placenta, and also in the
case of the mouse by means of the milk during lactation. He found
that the immunity thus transmitted disappeared some three months
after birth ; no trace of immunity was detected in the next generation ;
neither was an immunised father capable of transmitting immunity to
his offspring.  Ehrlich coneluded from these results that there exists no
true hereditary transmission of immunity in mice, a conclusion further
supported in both mice and guinea-pigs immunised against tetanusa),

These results have in the main been confirmed by all later observers,
The fact that the young of mice become immunised through the milk is
exceptional and not generally shown by other animals experimented
upon. Carriérem obtained results in guinea-pigs inoculated with products
of the tubercle bacillus which show that not only is immunity in the
striet sense of the term not transmitted to the offspring but on the
contrary a condition of increased susceptibility and a general lowered
condition of vitality of the offspring resulted.
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Lustigw similarly demonstrated that fowls inoculated with abrin
produce offspring of less than normal resistance to this poison.

Anderson s) appears to be the first to have shown that the young of
guinea-pigs treated"with a mixture of diphtheria toxin and antitoxin
exhibit immunity to diphtheria toxin, no such immunity being shown in
the young of those treated with toxin only. The immunity was not
transmitted by all mothers treated with the toxin-antitoxin mixture,
and this he compared with the fact that horses respond very differently
to diphtheria toxin in their capacity to produce antitoxin. Grand-
children of immune mothers were not more resistant than normal,
Theobald Smith® arrived independently at results confirming those of
Anderson.

In a second paper Theobald Smitha arrived at the following con-
clusions :

Active immunity to a relatively high degree can be produced
in guinea-pigs by the injection of diphtheria toxin-antitoxin,

Nentral mixtures are less effective in producing immunity than
mixtures which contain excess of toxin capable of giving rise to loecal
lesions,

We have been engaged on observations on somewhat similar lines
for a number of years. We have worked on a larger aggregate of
material, and by methods differing in some important particulars from
those adopted by the above observers. Although, therefore, our results
to a large extent correspond with those which have been published
meanwhile by others independently engaged with the question, we
think it desirable to place them on record. We have, however, delayed
publication until various other questions which had arisen in eonnection
with certain phenomena occurring in the second and third generation
could be followed out.

Our method of determining the degree of immunity conferred on
the offspring differed from that of Theobald Smith who ascertained the
L+ dose on animals of a definite age, while our results were based upon
the effect of the injection of toxin only as soon as the young had reached
the weight of 250 grams. The degree of immunity depending pre-
sumably upon the quantity of circulating antitoxin is more accurately
expressed by the neutralising value in terms of the volume of toxin
(indicating the number of binding units) rather than the number of
fatal doses tolerated. In all cases tabulated the same toxin (98 A) was
use throughout.

The seasonal variation® of susceptibility of guinea-pigs which affects
so markedly the apparent minimal fatal dose of a toxin is barely notice-
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able in testing neutralising values. In the same way the volume of
toxin tolerated by immune young (i.e. neutralised by their antitoxin)
shows no great variation at different times of the year except in those
cases where the volume of toxin tested was very “close to the normal
fatal dose. In testing the immunity of a pig only one test is permissible,
so that it is seldom possible to determine accurately the immunity value,
beyond saying that it is above or below a certain value. When there
are three or four pigs in one litter, the first pigs reaching the standard
weight can be used as an index for the value to test for in the other
pigs of the same litter, and so a more accurate immunity value can be
obtained.

In tabulating the results of immunity econferred upon their young
by immunised does the degree of immunity is measured by the largest
dose of toxin tolerated by any of the offspring, or if the doses given were
in all cases too high and none of the young survived, the immunity is
taken to be less than the lowest dose that killed. In practice it was
found generally unworkable to investigate a particular point by perform-
ing definite experiments avoiding all other variables. The possibilities
of the injected pigs dying before any young were born, or of the young
dying before they reached standard weight, or of there being an in-
sufficient number of young to fix the degree of immunity with any
accuracy, were so great that it was found best to obtain our main results
by keeping isolated and breeding from a large number of guinea-pigs
that survived injections of toxin or toxin and antitoxin mixture given in
the course of the regular laboratory routine rather than by specially
injecting a limited number of pigs and endeavouring to breed from them.
The results obtained in testing the immunity of the offspring from these
pigs conld then be tabulated. In each set of tables where the results
are divided according to a particular variable the other variables are
ignored. When it would appear that the results of one variable would
overwhelm those of another, individual cases are dealt with,

The first part of our results deals only with the first generation of the
young from injected does and normal bucks.

A.  Immunity transmitted to young by mother injected with
various miatures of towin and antitoxin,

The variables upon which the immunity of the young may depend
are :

1. Nature of the injection received by the mother.

2. Individual differences of different mothers,
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3. Time elapsing between injection of mother and birth of young.
4. Age of young when tested for immunity.

5. 'Time of year and climatic conditions when test was made.

6. Individual differences in young.

These variables are dealt with individually below :

1. Nature of injection received by mother.

la. The constitution of the mixture and the degree to which the
mother was affected may be indicated by the local reaction produced by
the injection. In Table I the results are divided according to whether
the local reaction produced was nil, small or large. The results of
tmmunity conferred by the mother are indicated by the largest dose of
toxin tolerated by any of their young, or if none of the young survived
the dose given, then the lowest dose that killed is recorded, provided
that death occurred within 10 days of the test and that the test was
made upon young born within 12 months of the injection of the
mother, It should be remembered that in these tables each mother 1s
represented only once although tests may have been made upon many
of its offspring.

TABLE I

Results of immunity of young divided according to the local reaction
produced by the immunising mixture when injected into the mother.

Size of local reaction in mother

“Nil Small Large
¢ Under 0-008 c.e. 1 2 0
Lowest dose killing 0-008 and under (-010 c.c. 9 2 0
young \ 0010 = 0020 e.e. H 1 1
0-020 = 0:080 c.e. 2 (] ]
0008 and under 0-010 c.c. 3 ] 0
Highest dose 0010 e 020 c.c. i 3 6
tolerated by young | 0020 ,, 0-030 e.c. 4 1 3
\  Owver 00030 c.c. 3 2 2

To summarise these results it is necessary to consider the proportion
of does whose young tolerated a particular dose or more of toxin to those
whose young were killed by that or a lower dose of toxin. Thus in
Table I of the mothers showing nil swelling, eight had young killed by
a dose of toxin of 0010 to 0020, nine had young killed by a dose
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between 00008 and 0010 and four below 0008, therefore the young of
these 21 would all have died if injected with 0020 and in the same
way seven had young capable of surviving an injection of 0020 c.c.

TABLE IL
Size of loeal reaction in mother
i I - A
whllzl:‘;::&::‘; :umfﬁi il Small Large

and at or under — y — b e -

which young died Survivals Dreaths Burvivals Trenths Survivals Deathe
0-008 ¢c.c. 16 4 6 2 11 1]
0-010 e.c. 13 13 6 4 11 0
0020 c.c. T 21 3 3 5] 1
0080 ec.c. 8 23 3 & 2 1

TABLE IIIL
Showing the percentage numbers of mothers whose young survived
any particular doses,

Bize of local reaction in mother
-

Dose Nil Small Large '
0-008 c.e. 80 75 100
0-010 e.c. 50 60 100
0-020 c.c. 25 87 83
0030 e.c. 11 28 66

From Table III it is seen that mixtures nearer L+ than L0 confer
higher immunity—the young of over 807/, of the does injected with
toxin-antitoxin mixtures producing large local reactions tolerated
0020 c.c. of toxin, while the young of only 25°/, of the dees injected
with mixtures producing no local reaction tolerated the same dose. [t
should be pointed out that these tables represent the results from
62 mothers but at least 400 young from these mothers were tested.
A somewhat noticeable exception to the figures occurs in the case of
two mothers with small local reactions whose young died with doses Jess
than 0008 c.e. In both cases the pigs were used for testing very weak
antitoxic serum and were injected with a test dose of toxin together
with 4 c.c. of serum. This quantity of serum in itself is enough to
account for a small local reaction on the pig. In both cases the rapid
arowth of the pigs after the injection indicates that so far as the toxin
reaction is concerned the swelling should be considered as nil. Table IV
gives the results as they would read if this alteration were made.

1b. Probably the most essential feature of the toxin-antitoxin
mixture injected into the mother 1s the amount of toxin (or toxoid)
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dissociated, and this is best indicated by the excess of antitoxin present
in the mixture above that necessary to protect life until the 5th day
when injected with one test dose of toxin. In many cases the mothers
had been used for giving only a rough approximation of the antitoxic

TABLE 1V.
Size of local rr.-u:ut-iun in mother
Dhoae “ Nil Emall Large %
0-008 c.c. T2 100 100
0010 e.e. 46 75 10D
0020 e.c. 23 4l s
0-080 c.c. 10 A0 (1]

value of a serum and so the exact value of the serum used was not
known in all cases. The figures in Tables V, VI and VII give the results
for all mothers where it was known that the excess of antitoxin in the
mixture was less than 20°/,, less than 507/, or over 50¢/,,

TABLE V.
Results of immunity of young divided according to the excess of antitoxin
present in the towin-antiloxin maxture wnjected into the mother,

Excess of Il.nt.itu: in
Over $0%, Under 50%, Under ‘L‘ﬂ":’:

¢ Under 0008 e.c. e 2 1* (1]

Lowest dose killing 0-008 and under 0-010 c.c. B 1 i
young ! o010 ,, 0-020 c.c. 8 2 0

L 0-020 " 0-030 c.c. 1 ] 1]

¢ 0-008 and under 0010 c.c. 0 0 0

Highest dose 0-010 £ 0-020 e.e. 2t 7 3
tolerated by young | 0020 3 0030 e.c. 0 2 2
Ower 0-030 c.c. i B 0

%

* This pig was paralysed and consequently its responsive power was impaired.

t+ One of these figures is the result of only a single test upon one young and may be a
case of accidental survival through leakage of injection. The other refers to a pig that
gave a most nnusual result of no local reaction but a marked drop in weight, indicating
that the test was “‘ out” in some way.

TABLE VL
Excess of Iantitr.::l:i.n
whﬂ?-“ “nu:; :&vﬁﬂl 5 ;1‘_'-'-*1'_ Wy ¢ n et b ﬁiu; 0%y Under 207,
:'hichl}{?:nl;:mf;‘;ﬁr'l ’;un'ivalu Deaths ;u:v-i;;i: I.J'ﬂﬂuﬂ;; Hurvi \'I-T; ﬂm
0-0H8 e.e. a 2 12 1 ] 1]
0010 c.c. 2 il 12 2 g ]
0020 c.c. 0 H i 1 2 1]
0-030 c.o. L ] & 4 ] ]
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TABLE VIL

Showing the percentage numbers of wmothers whose young survived
any particular dose.

Excess Mluntil.o:in
Dase " Over 509, Under 509, Under 209,
0-:008 c.e. 50 92 100
0010 e.e. 28 85 100
0-020 c.c. ] a5 100
0080 c.c. 0 42 —

Table VII shows very definitely that the immunity conferred by a
doe upon the young depends upon the amount in the toxin-antitoxin
mixture of toxin (or toxoid) dissociated and so available for immunisa-
tion. In the case of eight does where the excess of antitoxin was greater
than 50 °/, none of their young could tolerate 0:020 c.c. of toxin, while
the young from five out of nine mothers receiving under 50 °/, excess of
antitoxin tolerated this dose.

le. Another variable in the constitution of the mixture injected
into the mother is the constitution of the toxin used. The majority of
the results recorded were from mothers injected with the same test toxin
but in the few cases where other toxins were used there was a strong
indication that a fresh toxin does not give such high immunity as an
older toxin where there is more toxoid dissociated in a neutral mixture,
The results obtained are too few to form any definite conclusion unless
all other variables can be eliminated.

1d. Another variable in the constitution of the mixture is the
amount of toxin injected. The results recorded so far are from cases
where the mother received one test dose of toxin together with antitoxin.
In testing the antitoxic value of the serum obtained from apparently
normal horses 1t is often necessary to supply 1/5 or 1/10 of the test dose
of toxin. The young bred from mothers used for these tests did not as
a general rule give very high immunity. In one case a moderately high
degree of immunity was shown, this however was not to be compared
with the highest degrees of immunity reached by the young of mothers
treated with a full test dose of toxin.

2. Indiwidual differences in parents.

In most animals individuals of the same species appear to vary in
their responsiveness to immunisation. Various slight irregularities in
the foregoing tables are sufficient to show that such variability does exist
in guinea-pigs. A definite example is given below.
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Two pigs 100Z and 105 AA were njected with a test dose of the
same toxin and 1'3 unit antitoxin. Nine months after the injection the
young were tested with 00015 c.c. toxin, that of 100Z gave no local
reaction, while that of 105 AA gave a very large local reaction and a
drop of 35 grams in weight on the fifth day after injection. Subsequent
tests of later litters showed that the young of 100Z would tolerate
0°050 e.c. of toxin better than those of 105 AA would tolerate 04015 c.c.

3. Time elapsing between injection of mother and birth of young.

In the majority of cases the young of the first and possibly the
second litter were tested with doses well above or well below the dose
they would just tolerate, consequently very few examples illustrate the
degree of immunity at all stages in the life of the mother. That a
gradual diminution in immunity or at least in the power of transmitting
immunity oceurs in the mother is shown in the individual cases given
in Table VIIL

TABLE VIIL

Time elapsin
between injection

of mother and Age-of Ihose Date of Loeal Change
Cage Litter  birth of young FOUIE injected death reaction i weight
4TA st 13 months 32 days 0016 c.c. Very large - 35 grm.
- o 0-018 ,, " =60 ,,
2nd 20 s, D006 ,, i =15
a5 0010 ,, 6th day
105 B | I B a0 o022 e Very large - 30grm.
44 0-024 ,, . - 55 ,,
4 4 0026 ,, - =46 ,,
Ind & 3rd Still borns 5
4th 16 months 56 days 0018 c.e.  3rd day
a6, 0015 ,, 4th ,,
168 F 1st & 42 o012 ,, Very large 4 10 grm.
42 ., 0-024 |, " -10 ,,
2nd Still borns
8rd 14 months  35days 0028 ce. 4thday
E§ ., 0025 ,, 5th ,,
153 AA  1st [ 8 0-015 ,, Very large - 55 grm,
2od 12 82 , 0008 ,, Gth day
4 B 1st i e B8 0-020 ,, Very large ~ 5 grm.
2nd 14 Ba ,, o016, i -15 ,,
42 0-018 ,, 6th day
drd 2 ., 50 ,, 0-015 ,, 4th ,,
61 ,, 0012, 5th ,,
4th 30 1 |, o008 |, Very large  — 20 grm.

3B 4, o-0os ,, or -10 ,,



228 Doty to Diphtheria Toxin

The cases recorded in Table VIII show more or less rapid loss of
immunity in the mother, but they cannot be closely analysed in con-
sequence of the variation of immunity according to the age of the young
which is to be dealt with next.

We have demonstrated immunity to the extent of tolerating 10 fatal
doses of toxin in young born 25 months after the injection of the
mother.

4. The age of the young when tested jfor tmmunity.

In all cases the young are tested when they have reached the weight
of 250 grams, the time taken for pigs to reach this weight varies from
10 days to 120 days. Tables IX, X, XI, give the results of over
300 young whose exact ages were known. It should be noted that these
tables differ from I, II, 1II and V, VI, VII as all the young are given
irrespective of the treatment of the parents while the earlier tables
recorded the mothers and not the young.

TABLE IX.

Age of }'l,'::l.l'ﬂﬂ in days

Diose tested Gorless 91-30 31—40  41—50 51—60  Over8d
Tnder 0:008 e.e. 2 4 2 1 7 14
Deatl 0-008 and under 0-010 c.e. 4 21 21 12 4 1
eatis 19000 . ,, 0020c0. 4 12 14 12 18 6
L0020 o 0-080 c.e. 5 7 7 2 9 5
04008 and under 0-010 c.c. a 10 4 1 1 0
gty Q010 i 0020 c.o. 8 17 15 1] i} 1
NIVIVAlS 4 u,uﬂu 2 0-080 c.c. 1 T EI 4 i I]
| Over 0-030 c.c. 1 3 4 3 0 0
TABLE X.
Dozes at =
or abovi Age of young in days
which ¥oung - —— e e e ———
anryi ved 20 or less 21130 31—40 A1=510 S1—60 Over 60
“-“d &t‘ ':'r e T e — o .‘-_":'_-"-\. e e .-‘__:'_‘\. L 'I'_"". .H'"‘—J"_—H.
under which Sur- bl

SUr- &ar- Sur- Suir- Sur-
yvoung died wvivals Deaths vivals Desths vivale Denaths vivals Deaths vivals Deaths vivalzs Deaths
0-008 c.c. 19 2 87 4 bi 1 2 17 1 ] T 1 14
0-010 e.c. 10 ] 27 25 o 23 16 13 B 11 1 15
0:020 ¢.c. 2 10 10 a7 13 37 7 25 a 24 0 21
0030 e.c. 1 15 3 44 4 44 a a7 0 i 1] 26

Table XI shows that immunity has almost disappeared at the end of
two months. But that it may occasionally be present, however, to a

considerable extent after this period will be shown later when we record
cases in connection with another section of the subject.
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TABLE XI.
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Showing the pereentage nwmber of young of different ages
that survived any particular doses.

Dhose FE‘[.I or less
0-008 c.c. 0
0010 e.e. 62
0+020 c.c. 16
0-030 e.e. [

Age of young in days

e e R— —  —— e .

N-=3
90 i
4l a7
21 26
G #

J1—40

1150 51—60
4 56
55 47
21 17
10 0

Urwr G

= — -

Table XII gives individual cases of the effect of the age of the

young.

Time elapsing
h-e{rlfween imjeetion

Ty anil
Cage birth of young
47 B 14 months
IT 18
' S

100N 5

14,

105 & .,
106 D | e
ﬂ 1

4 ,,

106 L .
11 LA

153 & 5 o

Apge of
young

51 days

a8
a2
73
pLE
#2
35
50
|

11

1

L1

L1

TABLE XII

Doz
imjmcted

0004 ©.c.
0007
0006 ,,
0-0055,,
0008,
0008 ,,
0009 |,
0015 ,,
020

0030,
0-030 ,,

0026,
0020,
0020 |,

0-025 ,,
0025 ,,

0-018 |,
0018

¥

hatbe of Laocal
desth reaction
3rd day
ath ,,
Jed ,,
Very large
Tth day
14th ,,
15th ,, :
Very large
Tth day
drd r
Large
Very large
Large
Very small
Very large
Srd day

Uhange

in weight

wEE

— 45 grm.
- 45 ]

- 15 grm.

+ 23 grm.
- 25 1)
+25 ,,

-10 ,,
No change

- 10 grm.

It will be seen from Table XII that in some cases, notably in cage
100 N, young pigs of subsequent litters will tolerate a larger dose than
older pigs of earlier litters owing to the more rapid loss of immunity in
the young compared to that in the mother. This result is what would
have been expected from the fact that passive immunity is more transient

than active.

The smaller dose tolerated by older pigs is due to loss of

antitoxin and not to any weakness of the pig indicated by the longer



230 Tmmaunity to Diphtheria Toxin

time taken to reach the standard weight, because we have shown that
for normal guinea-pigs of the same weight the minimal fatal dose
increases with age. This is also seen in Table XIII giving the time
taken by (r008 c.c. toxin to kill normal guinea-pigs of different ages
during the months of May, June and July, 1909,

TABLE XIII.

Age of guinea-pigs

ﬁr_ﬁﬂdafu S 31—-1#11&3&1 il--_ﬁ-ltanﬂ
3 days 3 days 4 days
B B T
Time taken to kill 3 & . 1 TS
' ;L i
e

5. Time of year and climatic conditions.

This has been shown to have a marked effect on normal guinea-pigs,
and a similar effect was noticeable on young showing little or no
immunity. The effect has not been demonstrated clearly in the case
of young showing considerable immunity. The effect would be quite

masked by other variables in any attempt to show the effect by statistical
methods,

6. Individual differences in young.

Throughout our work there has been evidence that slight individual
differences do occur, but great variations in immunity have not been
observed. The differences noted were small and mostly to be accounted
for by the age of the pigs. It seldom happened that a direct comparison
could be made on different individuals of the same litter reaching the
standard weight on the same day. In one case however (cage 105 TT)
three pigs of the same litter were tested when 35 days old and
250 grams in weight. The dose used was 0015 ce. toxin and the
results were

IDoe ... ... died in three days.
Buek S s BOYeD:
Buck ... ... ourvived with very large local reaction and a

loss of 50 grams in weight on the fifth day,

L]

Y
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Gleneral notes on rvesults obtained with young from mothers
injected with toxin-antitoxin miztures.

Results obtained with cage 19 afford a very good series showing the
combined influence of the age of young when tested and the time
elapsing between injection of mother and birth of young. The figures
are given in Table XIV,

TABLE XIV.

Timeelapsing between
infection of mother Age of Irose Date of Local Change in
Litter  and birth of young Foung injected fleath react lon waight

1] :
a if- All atill born

B 11 months 49 days 0-018 e.e. Large -5 grm.
66 ,, 0020 ,, 4th day

4 | Ui BT o014 |, Very large - 25 grm.
62 .. 0016 |, dth day

5 1| S 0 . 0-010 L Very large — 10 grm.
B4 ., o012 |, Ath day

G 2 M, o012 ,, Liarge 415 grm.
45 0015 ,, - -16 .,

In each litter the results are sufficiently clear to enable us to fix

a fatal dose as an index of the immunity possessed by the young of that
litter.

TABLE XYV,

Time elapsing between

injeetion of mother Average age Minimum faial
Litter and birth of young of young iloge for litter
3 11 53} days 0:019 o.o.
4 14 59 ., 0015 ,, -
5 19 w 0011 ,, +
LI 23 am ., 0016 ,,

From Table XV it will be seen that the degree of immunity of each
litter is in order of the average age of the young of that litter if
allowance is made for a slight deecrease owing to loss of immunity in
mother.

As would be expected the amount of different toxins tolerated by
immune young depends not upon the number of fatal doses but upon
the binding units. Immune young will tolerate many more fatal doses
of a fresh toxin containing little toxoid than of an old toxin rich in
toxoids,
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The results recorded so far were made with toxin (98 A) of which the
average fatal dose for the year could be taken as 0008 ce. Another
bottle (98 B) of the same toxin was found to have diminished more rapidly
in toxicity so that at the time of testing (eight years after the prepara-
tion of the toxin) the average fatal dose was 00014 c.e. It was found
that the volumes of 98 A and 98 B tolerated by highly immune young
were almost identical. The highest number of fatal doses that immune
young survived when tested with 98 A was 7, with another toxin ( 967 A)
the highest number was 14,  In volume the highest amounts tolerated
were similar and the binding unit content of the two toxins were similar
although the fatal dose of 98 A (eight years old) was 0008 c.c. and that
of 967 A (two years old) was 0°004 c.c.

B. Immunity transmitted to young by mother injected
with towin only.

It has already been demonstrated clearly by Anderson and Theobald
Smith that single injections of sub-lethal doses of toxin in does will not
produce immunity in the young. A set of six does was put aside for
breeding to confirm this and in no case could we demonstrate immunity
in the young. A further set of three does was treated with a series of
gradually inereasing doses of toxin and again no immunity could be
detected in the young. Two of the does treated in this way received
similar injections (1/5, 2/5, 2/3 and 1 M.r.D. at weekly intervals). At
the end of the treatment one (100 A) had decidedly deereased in weight
and the other (100 B) inecreased. In the case of 100 A only one out of
seven young from the first two litters survived while in 100 B four out
of ¢ix lived. The young of 100 B all showed normal susceptibility to
toxin but those of 100 A showed a lowering of resistance as seen in
Table XVI. The comparison between the two pigs is shown in
Table XVIL

Lustig has shown that immunity to abrin is not transmitted by fowls
to their offspring. We shall similarly show in a subsequent section of
this investigation that there is evidence against transmission of immunity
to diphtheria toxin by the effect on the germ cell before fecundation.
Immunity in the young must depend therefore upon the transference
of passive immunity from the mother either during pregnancy or by
means of the milk. Several experiments were made but only one case
was recorded in which a normal pig suckled by a highly immune doe
survived the normal lethal dose. In two cases out of three there

§r i sy
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appeared to be very slight lowering of the immunity when immune
young were suckled by normal does. Thus it appears that immunity is
mainly transferred through the placenta during pregnancy. A few
experiments were performed to see whether immunity passively acquired
by the mother could be so transferred. In eight cases where does were
injected at different times during the course of pregnancy with
2000 units of diphtheria antitoxin; no immunity could be detected
in the young. This failure may be due to the more rapid loss of passive
immunity conferred by the inoculation with antitoxin obtained from
another species of animal.

TABLE XVI.
Young I‘rilm 100 A Norml._! young
Dose Date of death’ Dose Date of death’
0-008 e.e. Sth day 0009 c.e. d4th day
0-009 , Brd ., 0009 ,, 5th |,
0-009 |, Srd ., 0009 .. bth ,,
000 | 6th |,

TABLE XVII.

Resistance of Percentage sur- Percentage survival
Change in weight i,'-mm% {13} vivals in first during total
Pig dluring treatment Diiphtheria toxin two Hiters time of breading
100 A — 20 grm. Lowered 14 46
100 B +40 ., MNormal i 70

SUMMARY.

1. Diphtheria toxin-antitoxin mixtures induce a higher immunity
in guinea-pigs than sub-lethal doses of toxin; one injection of the
mixture being sufficient to produce an immunity lasting in some cases
for a period of over two years, as shown by the passive immunity con-
ferred on the offspring.

2. The highest immunity is produced by toxin-antitoxin mixtures
containing the most uncombined toxoid.

3. The active immunity of the mother is transferred passively to
the offspring.

4. The passive immunity thus transferred usually disappears at the
end of two months after birth, and only in rare instances has been
recognised after three months.



234 Immunity to Diphtheria Toxin

5. Immunity is mainly transmitted in utero, and only to a slight
extent during lactation.

6. Young bred from does that have been used for a single routine
antitoxin test may be able to tolerate 14 times the dose of diphtheria
toxin fatal for a normal guinea-pig.
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IMMUNITY OF GUINEA-PIGS TO DIPHTHERIA TOXIN
AND ITS EFFECT UPON THE OFFSPRING.

PArT 2.

By H. J. SUDMERSEN, Pu.D,
axp A. T. GLENNY, B.Sc.

(From the Wellcome Physiological Research Laboratories,
Brockwell Hall, Herne Hill, London, S.E.)

C. Immumity transmitted to young when both parents have been
wnjected with various mixtures of toxin and antitorin.

IN Part 1 results of the injection of the mothers only have been
recorded : we shall now deal with the young of parents which have both
received an injection of a toxin-antitoxin mixture. When this work was
commenced a limited number of injected pigs were isolated for breeding
and their number added to from time to time during the course of these
investigations. A complete history was kept of each individual and full
notes were taken of all events connected with them from the time of
the injection of the parents until the testing of the young of several
litters. The number of pigs that could be thus kept apart and in-
dividually watched was of necessity strictly limited. In order to obtain
easily statistical data that would give indications for subsequent work
we kept all survivals from routine toxin-antitoxin injections in runs for
breeding without any attempt to isolate individual pigs. The only separa-
tion was into two groups—Cage 79 for all pigs that had received
injections near the L+ doses, 7.e. those that had given large local reactions,
and Cage 80 for those near the L0 doses, giving little or no reactions,
In these runs were put all pigs surviving, whether bucks or does. The
general scale of immunity among the young of these pigs was no higher
than that among the young from normal bucks and injected does.

282
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This agrees with the generally recognised fact that there is no trans-
mission of immunity through the male,

Figures from some 160 young were obtained from these two groups
and results are given here as a confirmation of certain results in
Part 1.

Higher Immunity conferred by L+ than by L0 doses.

Higher immunity was obtained in the young from Cage 79 than
in those from Cage 80, thus confirming results recorded in Tables I, II,
IIT of Part 1. The figures are given in Tables X VIII, XIX and XX.

TABLE XVIIL
Results of wmmunity of young divided according to the nature of
the toxin-antitoxin mixvture injected into the parents,

Toxin-antitoxin mixture
injected into parents
_-————l‘\—-'—_-.

Lo Lt
( Under 0-008 c.c. 11 2
Deaths | 0-008 ¢.c. and under 0-010 c.e. 20 ]
0010 i i 0020 ,, 12 21
0-020 o a0 0030 ,, (i} T
r0-008 e.¢, and under 0-010 ¢.c. 4 13
e 0-010 " 0-020 21 29
Hur‘ 11'“15 * b A ]
N 0-020 " o 0-030 ,, 8 ]
| Over 0-080 c.c. 1 1
TABLE XIX,
=yt : Toxin-antitoxin mix ture injected into parents
which young survived Lo Lt i
and at or under iR 2,
which young died Survivals Deaths Survivale  Deaths
0008 e.e, 34 11 44 2
0010 ,, a0 31 21 11
0-020 ,, 9 43 0 20
0030 ,, 1 49 1 a0

TABLE XX.
Showing the percentage number of young surviving any particular dose.

Toxin-antitoxin mixture injested

into !_ﬁl.;_l‘e’l‘.l“

Trose Lo ; L+
0008 c.e. 75 a5
0010 ,, 49 73
0-020 ,, 17 21

0-030 ,, 2 2
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As will be apparent, these tables differ in preparation from the corre-
sponding ones in Part 1 since in the one case the mothers were all
identified and it was possible to represent their immunity by the highest
dose tolerated by, or the lowest dose fatal to, their young. In this way
each mother was represented once in the tables. The tables now given
are compiled from the degree of immunity shown by the individual
young bred in one or other run containing L+ or LO parents respectively,
This difference in the tables is necessary because many of the young
could not be identified with a particular mother and in no case was the
father known as several bucks were present in each run.

From Table XX it will be seen that 73°/, of the young from L+ parents
showed slight immunity (i.e. survived a dose of 00010 c.c. toxin) while
only 49/, from L0 parents survived the same dose.

Rate of loss of vmmunity in the young.

Results of tests upon pigs of different ages (but of the same weight
—250 grams) were tabulated and are given in Tables XXI, XXII and

XXIII, corresponding to Tables IX, X and XI in Part 1.

TABLE XXI.

Age of young in day=

-~ =,
Morless 2130 3140 41—50 51—60  Ower 80

r Under 0-008 ¢.c. 1 1 2 i 4 a
Deaths | 0-008 c.e. and under 0010 ¢.e. 3 9 a a3 2; b
o010, s 0020 ,, (i} 4 i1 @ (i} B
L0020 i 0030 ,, a 1 4 2 2 2
0-008 ¢.c. and under 0:-010¢c.c. 4 o 3 1 0 L
Bar- | 0010 - 0020 ,, a 18 10 10 & 2
vivals J0020 , , 0080, 1 7 5 1 0 P
\ Over 0030 c.c. 0 0 0 1 0 1
TABLE XXII.
Dhomes &t
oF above Age of young in days
which young - = —Loe i s 5
survived ) or less 2130 3140 41—50 | -I'F-U 'U'I'?l' 60

e e R T - B T i = ey,

and at or . e
underwhich  Bur- Hur- Hur- sSur- =Sur- sur-
young died vivals Deaths vivals Deaths vivals Deaths vivals Deaths vivals Deaths vivals Deaths
-008 o.c. 10 1 29 1 18 2 13 3 a 4 5 a
0010 ,, G 4 20 10 15 T 12 o 8 fi a T
0020 ,, 1 4 T 14 b 13 2 17 ] 12 3 16
0-030 ,, (] 6 i 15 0 17 1 149 ] 14 1 17
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From Table XXIII it will be seen that the number of pigs surviving
decreases with the increased age after 40 days from birth. The figures
are not so regular as in Table XI because the numbers here are fewer.
This is particularly the case with the pigs over 60 days old, three

TABLE XXIII.

Showing the percentage nwmber of young of different ages that
survived any particular dose.

Age of young in days

Dose 20 or less 91—30 31—40 41—50 51—60 Over60
0008 c.c. a0 96 a0 81 42 71
0-:010 ,, G0 66 65 60 33 41
0020 ,, 20 a8 27 10 1] 16
0-030 ,, 0 0 0 5 0 5

exceptional pigs fully account for the irregularity of the figures,
These pigs were recorded as three months old and yet showed consider-
able immunity. These cases are not specially emphasised as we cannot
place absolute reliance upon individual results from these groups where
the isolation and observation were not as rigid as in the pigs from which
Part 1 results were obtained. If we assume that the rate of loss of
immunity in the young is the same for the young of all injected does
whether the bucks were normal or injected, then we can group the
figures from both sets of pigs and obtain statistics from well over 500
pigs. These are given in Tables XXIV, XXV and XXVI. In all cases
the pigs were tested directly they reached the weight of 250 grams.
From Table XX VI it will be seen that up to the age of 40 days at least
90°/, of young survived 0008 c.c., from 41-50 days 88°¢/,, from 51-60
days 52°/,, and over 60 days 27°/,. The results in this table appear to

TABLE XXIV.

Age of young in days

i =
200rless  21—50 31—=40 41—=50 51—B0 Over @

(Under 0:008 c.e, 3 b 4 4 11 16

Deaths 4 (-008 e.e. and under 0-010ece. T a0 26 17 G i
0010 ,, i Q=020 ,, 4 16 0 21 19 14

Lo-020 ,, ,, 0080, 7 8 11 i -13 7

c0-008 .. and under 00010 ¢.e. 13 19 7 2 i 0

Sur- ) 0010 " 0020 ,, 13 a0 28 19 fi B
vivals | 0-020 1 0-030 ,, 2 14 15 5 ] 2]
|, Over 0-030 c.e. 1 i 4 4 0 1
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TABLE XXV,
Doses at 5
or above of i
which young - Age of young in days A
sarvived 4 or less n—-30 31-—dl) 41—50 51 P
SIS . b J\ =~ f— " -~ : A i

underwhich ~ Sur. Bur Sur ™ Sur. 2t
young died vivals Deaths *vivaln Deaths vi-ruh: Treaths m:ln Deaths vlv.a.!u Dieaths vivals Deaths

0-008 c.c. 29 b 66 65 54 4 30 4 12 11 6 Lt

0-010 ,, I8 W 4 B O 8 @ 8 1 1T 8 m
0020 ,, TR, N, T ) (O | 9 42 5 M B BB
0-030 ,, 1 91 8 89 4 61 4 48 T AR

TABLE XXVI

Showing the percentage nuwmber of young of different ages that
survived any particwlar dose.

Age of young in days
-

Dose “ 20 or less 2130 31—40 41—50 51—b0 Over 60
0-008 e.c. a0 93 a2 88 52 27
0010 ,, 61 57 61 57 39 21
0-020 ,, 17 25 27 17 12 7
0030 ,, 4 2 m 2 0 2

be almost uniform with any age up to 40 days with the tendency towards
a maximum immunity among pigs between 30 and 40 days old rather
than among younger pigs. All individual cases recorded indicate
definitely that in pigs of the same litter (or in all pigs from the same
mother if allowance is made for the progressive loss of immunity in
the mother) the youngest pig gives the highest immunity without any
such optimum age as would be indicated in Table XXVI. Thisapparent
discrepancy would seem to show that the same causes that tend to yield
high immunity in the mother also tend to delay the rate of growth in
the subsequent offspring. If this were the case the majority of excep-
tionally young pigs tested would be the offspring of pigs of less immunity
and the first two columns of Table XXVTI would refer to pigs of a lower
grade of immunity than those of subsequent columns.

D. Euvidence of lowered resistance in young of injected parents.

While testing young for traces of immunity it was noticed that in
some cases the young from injected parents died earlier than the controls.
A few isolated instances of earlier deaths would be of no signiticance
because marked differences in the lethal time are fairly frequent in
normal pigs injected on the same day. It was noticed, however, that in
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the case of certain does a large majority of their young injected with
normal lethal doses died earlier than the controls. In such a case one
is forced to conclude that either the immunity of the mother has passed
off, that the immunity transmitted to the young by the mother has
disappeared during the growth of the pig or that the mother failed to
produce antitoxin in response to the injection, and that the absence of
passive immunity then brings into evidence the damaging action of the
toxin-antitoxin injection or of some disturbing factor other than the
toxin in the toxin-antitoxin mixture. It is also possible that certain
strains of guinea-pigs possess naturally either a greater or less resistance
than the normal. This while possibly accounting for certain irregu-
larities, cannot explain such results as are given in Tables XXIX to
XXXIIL

In Cage 79 where the young were bred from parents that had
received L+ doses, only one case was noticed in which the young
showed apparently a lowered resistance. This is given in Table XX VIL

TABLE XXVIL

Evidence of lowered resistance among young bred from L+ parents.

Treatment of young Control pig

Age of - 2 e : —_—— :
Cage  Litter young Dhoze Reault Dioge Result
79F 1 20 days 00085 c.e.  Large reaction —

increasing 10 grms.

—

in weight
2 85 0010 ., Died in 3 days 0-010 e.e. Died in 5 days
62 0-008 ,, S } (0008 ,, . B m
62 ,, 0-010 ,, s 8 nJ loow,, e

A 20-day old pig of the first litter easily survived a normal lethal
dose. In the second litter where the pigs were 55 and 62 days old
when tested two out of three died earlier than the controls. This result
standing alone would be of very little significance but some marked
instances occurred in Cage 80 recorded in Table XXVIII. The first
litter of pig 80 CC was tested with too high a dose, but in the second
litter one of the young died in five days after an injection of 0:005 c.c.
when a control normal pig survived a higher dose (00055 c.c.), In the
third litter all three of the offspring died earlier than the controls,
Similar results were obtained with the 2nd, 3rd and 4th litters of
80 N. The greater susceptibility here shown canuot in every case be
accounted for by the variation in resistance dependent on the age of the
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pig; in 80 CC young of 28 days in one litter and 53 days in another
showed lowered resistance while in Cage SON young of different litters
14 days and 53 days old died earlier than the controls.

A small summary of Table XXVIII will show that the lowering of
resistance is quite definite. In Cage 80 CC four pigs are directly com-
parable with the controls, of these one died when control survived a
higher dose and three died earlier than the normal pigs. In Cage SO N
of five pigs compared two died when controls survived the same dose
and the other three died earlier.

It appears advisable to record here other evidence of lowered
resistance in young bred from injected does (the case of the offspring
of injected bucks and normal does will be dealt with later). Only
a few instances were noted among the young of normal bucks and
injected does and these are given in Table XXIX.

TABLE XXVIIIL

Evidence of lowered resistance among young bred from LO parents,

Treatment of young Control pig
Age of - ' - = -
Cage Litter young Dose Result Dose Eesult
80 CC 1 49days 0016 ce. Diedin 3 days 0007 ec.e. Diedin 4 days
48 a-012 TR (. } {ﬂ'ﬂl}'? o SR R
49 o008, - T 0-007 , S
o 48 00055 ,, SERE e 0006, T |
1 - 00050 |, T 0:0055 ,, Suorvived
3 28 o-007 ,, T 0007, Died in 7 days
28 ., 0008 P T } {D'[lﬂ& o AICUIY |
0-008 ,, i L Lt
85 0-008 ,, 4 jo-008 ,, e ol i
L0008 , R
BON 1 21 o016, 2
2 0017 ,, e =
3 :3 ; ggﬁ ; 5 . o | 00065,  Diedin 4 days
Bl o o007 v Ak 0-007 ,, Survived
3 41 ., 00055 ., R 0055 ,, Died in 8 days
L o006 T [ 0006, Hurvived
4 14 (=007 4 , | (0007 -, Died in 5 days
14 ,, (L1715 S, 4 ., ! (0008 ,, S [

No instances were noticed among the young from normal bucks and
does which had received L+ doses. The cases in Table XXIX were all
from LO does and it is decidedly significant that in each case the
injected mixture contained at least }ec.c. of horse serum. It would
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appear that in the usual routine toxin-antitoxin injections, where the
quantity of horse serum would average 1/500 c.c., those doses that
would affect the mother sufficiently to lower the resistance of the
offspring must contain sufficient uncombined toxoid to produce con-
siderable immunity. The degree of lowering of resistance is very
small compared with the degree of immunity conferred and so it 1s rare
that lowered resistance can be demonstrated. The effect is presumably
non-specific and so could probably be shown if the young were tested

TABLE XXIX,

Evidence of lowered resistance among young bred from normal bucks, and
does which had been injected with toxin-antitorin mixtures,

Treatment of young Control pig
- 5,

Agﬂ ﬂ‘f L 5 45 %
Cagre Litter young Diose Hesult Dhose Result
106 P 1 45 days 0015 c¢.c. Diedin2days 00065 c.e. Died in 5 days
2 66, 0015, n 2o 0-006 ,, w 8 3
80 0-006 ,, s 3 4 0-006 ,, 53 B 4y
¢ : 0-0055 ,, Survived
55 o SIS L {u-ma _ Died in 5 days
127 L 1 53 LR} ﬂ"ulﬁ' 33 L) 3 ¥ G.ME b} LE E L
a8 ., 0-006 ,, o e 0-006 ,, Survived
0-0065 ,, Died in 8 days
2 28 ., o008 ,, o B } Jlﬂma 1 w 5 4
28, 0008 ,, 5 % Ui o-008 ,, » B 4
i : = 0-008 ,, w 9 g
81, 0008 s B b gt i
105 BB 1 2B .. o012 ,, g B 0-006 , Survived
2 a6 ,, o008 ,, A i } {ﬂ'ﬂﬂ‘ﬁ o Died in & days
35 ¥y U.ma ¥ LE 4 s u.mﬂ i B E L]
52 0-008 ,, w3, 0-008 ,, w 4+

against a toxin other than that to which they are passively immune,
A few pigs bred from mothers highly immune to diphtheria toxin were
tested against living typhoid organisms but no reliable results were
obtained owing to the great range of inaccuracy. It follows that, in
dealing with young bred from normal bucks and injected does, lowered
resistance can only be demonstrated in those cases where the effect on
the general vitality of the mother is due to causes other than a simple
toxin-antitoxin mixture, such as } c.c. of horse serum as in the cases
under consideration. It is possible that the cases in Tables XXVII
and XXVIII were of does which had received injections containing large
quantities of horse serum. It should again be stated that Tables XX VII
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and XXVIII refer to pigs from cages 79 and 80 where the individual
treatment was unknown.

In the course of experiments as to whether passive immunity in the
mother could be transmitted to the young, various does were injected
with 5 c.c. (5000 units) diphtheria antitoxie serum, before and during
pregnancy, and again immediately after birth. The number of young
surviving was not large and the results of all those tested for one lethal
dose are recorded in Tables XXX, XXXI, XXXII.

TABLE XXX,

Evidence of lowered resistunce among young bred from normal bucks, and
does which had been tnjected with antitoxic serum alone,

Treatment of young Control pig
Age of — e - A
Cage Litter young Drose Eesult Diose Eesult
133 1 T3 days  0-007 c.c. Died in 7 days  0-007 e.c. Survived
151 1 Died before reaching standard weight
a 69 days 0006 ¢.c. Buarvived, lost 0006 ,, Survived, lost
i3 grma. d grms.
3 448 ., 0008 |, Died in 4 days 0-008 ,, Died in 4 days
3 u.l:H}H {} ] iw 5 L3 ]
80 ,, 0-008 ,, 13 £ {Dﬂl}ﬂ o . T

TABLE XXXI.

Evidence of lowered resistance among young from normal does
injected with antitoxic serum during pregnancy.

- - Treatment of young Control pig
A (4] - . — A,
Cage Litter rgang Ihose Rasult Drose Result
78 1 36 days  0-0085 c.e. Died in 5 days

a4 31 0-01% 1] i3 3 ¥ 0-013 e.c. Dil!lil- in l.]l:l.yﬂ

120 i 44 0014 T e ]
44 " 0-014 w1 T 5 [T 0014 " " 5 i
44 a8 ﬂlﬂlﬁ ¥ ¥¥ 4 " J

12‘] 1 2‘2 %] *}"}1"1 L] L] 4 LR 1 -
22 . u'ﬂ}.ﬁ i T * T} ! wes saw
ag .. 0014 ,, P T 0014 ec.c. Died in 8 days

In each table the young appear slightly less resistant than normal
pigs. In all cases the conditions of breeding and growth of the young
were the same as those for the normal control pigs execept the injection
of serum into the mother. If the resistance of these pigs was quite
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TABLE XXXII.

Fvidence of lowered resistance among young suckled by normal mothers
injected with antitoxie serum immediately after birth of young.

Treatment of young Control pig
Age of - —e -, - i -
Cage Littar young Dhisa Result Dhose Result
82 1 39 days 0008 c.c. Died in 2 days 0-008 e.c. Died in 5 days
84 1 18 " 0-004 " i3 b 3 0-008 " 1 8 e
20 ., 0-008 ,, ¥3 B s —
10013 ¢.c. Died in 3 days
2 1 22 14 3
12 18 00 " 3 3 iUUl; = = 3 2
30 . 0-013 ,, g Ve 0013 |, Survived
123 1 24 ,, 0014 ,, ik 2 o014 ,, Died in 3 days
35 iy 01014 ¥E ¥y E ¥7 01{,16 ¥3 ¥y 3 ny

normal we could expect that the majority would die in the same time
as controls injected with the same dose, a few would die earlier, a few
later. A summary of the results from the three tables shows that
14 young from injected mothers can be compared directly with normal
control animals, that none died later than the controls, six died in the
same time, five died earlier, two died when the control lived and one
survived but lost 65 grams in weight where the control lost only
5 grams, Thus from 14 young from injected mothers, eight showed
lowered resistance. It would appear that in each case where the
vitality of the mother was slightly affected by the injection of a foreign
protein the resistance of the young to diphtheria toxin was lowered to
a slight extent.

E. Active immunity conferred by single injections of toxin in pigs that
have been rendered passively immune by maternal transmission.

That the immunity conferred on the young of immune does is not
transmitted to the next generation has been shown by all investigators
who have taken up the subject of the transmission of immunity from
parents to their offspring. This is in accord with the fact that the
immunity so conferred is of a passive kind and is lost well before the age
at which pigs commence to breed. Our own experiments were performed
with five first-generation pigs from mothers whose other offspring had
shown good immunity. These pigs were paired with normal bucks and
the young tested as soon as they had attained the weight of 250
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grams; neither immunity nor increased susceptibility was shown, all
died within a short time of the controls, three slightly earlier, three at
the same time and three ahght.l} later.

We have already seen in Part 1 Section B that sublethal doses of
toxin (without antitoxin) injected into normal pigs produce no ap-
preciable immunity in their young. The following results show that a
single injection of toxin into a doe rendered passively immune by
maternal transmission may result in the young of such an animal
exhibiting a considerable degree of immunity.

An example may be recorded of a doe in Cage 79S, bred from
‘parents that had both received L+ doses. This pig was born 19. 1v. 08
and on 1. v1. '08 when 250 grams in weight was injected with 0:0095 e.c.
toxin, there was no local reaction and no change in weight. A
control normal pig injected with the same dose on the same day died in
seven days. The doe was paired with a normal buck on 29. vir "08 and
gave birth to two young on 4. X11. '08, to still-borns on 15. 11r. '09 and
21. v. 09, and to three young again on 6. ViIL..'09. The results of the
tests upon the young were as follows,

Born 4. xm1. '08, Tested when 33 days old. 0-0055 e.c. Large reaction and increased
20 grms, in weight.

" ” o " ” 0010 ,, Large reaction and lost 10
grms. in weight.
Control pig 00055 ,, Died in 7 days.

Born 6. vin. 09, Tested when 25 days old. 0008 ., Verylarge reaction, increased
256 grms. in weight.

" 2] 1 1 1) 0015 vﬂf}' 151'53 l‘Eﬂnﬂﬂn, lost 25
grms. in weight,
" 2 " " " 0030 ,, Died in 4 days.
Control pig 0007 ,, i ol

In this case an approximate normal lethal dose only was injected into
the immune pig of the first generation, with the result that considerable
immunity was conferred on the young of the second generation.

Contrasted with this case is that of a doe in Cage 79 P,, also bred
from parents that had both received L+ doses. This pig was born
1. v.'08 and on 4. vi. '08 when 250 grams in weight was injected with
0012 c.c. toxin. There was a large local reaction and a loss of 40 grams
in weight. A control normal pig was injected with 0011 c.c. toxin and
died in 9 days. The doe was paired with a normal buck on 8. 1, '09
and young were born 25. v. '09 and 17. vir. '09. The results of the tests
upon the young were as follows.
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Born 25. v. '09. Tested when 14 days old. 0°008 c.c. Very large reaction, lost 30 grms,

b L1 L1 ] L1 LE] LR ] L] L1} ey ‘iﬂ' i
2 Controls L Both died in 5 days.
Born 17. w1 "09. Tested when 45 days old. 0010 c.e. 98 BY., Very large reaction,

logt 65 grms.

» T " T T 0-016 ,, ' Died in 3 days.
ay (1] ¥ LR L5 ] D.nﬂn iF iF ¥¥ 3 ¥3
c{}nm" ﬁr{}lﬁ ¥¥ -5 ] " T ¥
Lh 0-020 L E] § i 4 (Y]

In this case second generation young only 14 days old showed
very slight immunity, while older pigs of the next litter showed distinet
evidence of lowered resistance.

The main difference between the two cases was the degree to which
the mother was affected by the dose of toxin. Little or no immunity
was transmitted when the mother was severely affected, while there was
considerable immunity in the young whose mother easily tolerated
the dose of toxin given. Similar results were noted in many instances
and these are recorded in detail in Tables XXXIII, XXXIV and
XXXV, divided according to the degree to which the mother was
affected,

In Table XXXIII are recorded results of tests upon the young of
seven immune does, all of which easily survived the dose given. In
all cases the young showed decided immunity. As much as 10 fatal
doses of toxin jar 967 A was tolerated by the young of 164 L.

Table XXXIV gives the results for eight does moderately affected
by the toxin injected. Two cases, 1648 and 153 S, show little or no
immunity.

The size of the local reaction and the change in weight are only general
indications of the degree to which a pig is affected by an injection. The changes

in weight recorded are those that take place in five days after the injection, a big
decrease in weight (25 grams or more) or an increase are significant, but the

! The supply of test toxin 98 A, with which all the earlier tests were carried out,
ran short in Angust 1909, and toxin 98 B, and in a few instances 967 A, was then used.
In all results given so far no toxin number has been recorded because 98 A was used
throughout, in all subsequent tables the toxin number is given. The relative values of
the toxins used are as follows:

1 ; Average M. ¥.p. when used 98 A, 0-008 c.o.
Original a.7.p. 98 A and B under 0-003 e.ec. s § 3 , 98B, 0014 ,,

Original m.¥.p. 967 A 0002 c.c, & 4 & o UBT A, 0004

98 A and B were two bottles filled at the same time with the same toxin prepared in
1900, 967 A was prepared in March 1909. The L0 doses were similar, that of 98 A
027 a.c. and that of 967 A 0-32 c.c.



435

H. J. StpmeErseEN aND A. T. GLENNY

0T + [rewmg s 210-0
L, 800-0 o + efawy = 600-0
¢l s 0§ + mnrpayy G 600-0
- 11 ..-“- :
“ g mS.L 02 + wn1pagy ; 600-0
g+ 80wy, » 010-0
(1S i
t 900-0 .h OT+UN V86  900-0
FE i F00-0 g- L V196  OF0-0
ﬂ_ﬂ. s s i aﬁaac
T 1 pat i
pLUIPAT  0&0-0 _E- P u 080-0
L . & Q£0-0
e #=a m = i i g-ﬁ-
AR 910-0 01 -+ ofae] 19y & 080-0
ol 9100 g-+aomi], k 0800
i 910-0 o1 +adas] d1op 4 86 910-0
s£wp § i por(q o 080-0
[1] .-.h. i @hg-ﬁ- ﬂﬂ £ L1} LE L] .ﬂ.—ﬁ-...ﬂ
g +adae] L9y ® 0800-0
4 o’ 1] < 010-0
L 9900-0 M 06 + afiawry .. 2200-0
Bk W i ﬁ-h.ﬁ-_n_..ﬁ- H-H = ﬂ.m..—.ﬂ._.H Wi WHQ.H—
e 0900-0 sfup L ur payy i 060-0
gdep ¢ Ul pauq  S900-0 g6+ 1IN V 86 &10-0
. Ymseg (wo)asoq (ImExyg uprof,  (29) esoq

#id [o13u00

Sunok jo mn_ﬂﬂ_.&

LEY

(1}

(1

18
18
18

&
gE
4
58
b1
g8
4

FI
I
18
6L

ge
i
o8

g8

01
BY

sdwp (g

e

LEd

L1

i

i

i

3817 a1y 109)u sfep 1 uaard uoryoaluy puoses v
‘uonealur iy 1eye sdup ¢ Juunp
Jqftam ur 380 10 poured swwid jo IPqEINU PUY UOIOBAL [WIO] JO OZIE UBALD 81 , J[NSHYT,, POPRST] WMIN|OD I9puUN sa[qwy Jusnbosqns puw sigy uy ,

&1

BT

1T

=

01

FL

9
|

sqjuow J

Bunod Fumod jo qaang
jo aly

E[a L],

o1+

oF -+

oF +
L

6+

smid of +

afusyo oy

sund (1 +

3 4
iy

LS

afrer]

LY
(4]

adme 1oy

0% + ofaw
FORL],

N

L8
nopyous

0&0-0

¥e0-0
& 0500 _v
910-0

a10-0
6000

S600-0

010-0
{"2-0) asoq]

=

0w Jo uopoafu]

pagoalur uwo) sy} pearauns fpsve suoyon suURWW ueym Bjsa) uoypasusl puosss Jo synsay

TIIXXX HTdVL

O ¥

991

HH ¥6

KN ¥6
HH L81

"8 6L

[ 001



Immunity to Diphtheria Toxin

436

Oc —oadre L1904 g 86 0800-0 R

(1] m. i _uw_s_ﬂ L1 m. Ly i ES.G ik ﬂ.ﬂ.
e 0 0L00-0 sdwp ¢ wr pauy = €10-0 “ g 11 oeduvgo oy G F20-0
|t 08000 01+ 1IN - 0800-0 i | el g=- i 2500
s L 0800:0  ¢T o8] L1ap s OR00-0 “ 8
s{ep§ wrpalr  QR00-0 siep g mIpan] V&6 9100 SE2 oy R T g - off1ey  ER0-0
T T _uﬁh_- [T} [T] Wﬁ.ﬂ.ﬁv i ﬂﬂ (1} H—ﬂ
L 910-0  GE-—odawp L18p g ag 0700 “ 8% AR
ooy H BO0-0 sdup § ur parg G 0800 " ze
e 8000 95— i ¥ 86 9100 “ 88 S gy = ofaey L1898 9100
R 8100 g- =1 L 0F0-0 " TR R )
L F10-0 oOg+eBm Ly gaG 070-0 “ .58 LR ! G- adrey €100
L SE£00-0 slep g T pALT W LOG £00-0 “ 09
sdwp L ur paiq gD, At= ) 020-0 "o
06 — o1y L1ay 910-0 or-+edre {18y 86 910-0 “ oy o 01 - afzey 13y 0T0-0
s 92000 T V L96 800-0 “ 19
s 910-0 slup ¢ w pang o/ 0&0-0 S
il 9100  ©f —adxu] L1ay g 0%0-0 i
L L F10-0 slwp g Ui AL 86 0800 w1 A
UL ot LOD:0 92+ n V 86 800-0 “ g S ) 9%~ meomg 01040
sAup § ul pai(q 9100 91— i3 " 080-0 .- % e
0% +adae L1a) i 0£0-0 " oge e
sdep L ur pauq 910-0 o +edrey €86 0z0:0 sdwp §g  syuowr g aduwerp 0Ny edaey {1apy  0F0-0
sy {"9°9) a&oq] jnsay WEOT, {00 aBy ] Aunog Hunod jo qiang M jo mopeEsy {"070) 280
- = = & - ¥ Jo aldy W IO o aBuw)
Ay posguon Homod jo wopoeluy nopoaluy usemgeq -

wpsdwa amyy, 130 Jo uopIafuy

‘popalur wiwoy Ag peposffo Rppoaspows susm sLoyjows sunuwany usym §j8a) uoynisusb puodss fo spnsay

AIXXX HATIVL

B EST
(I 88T

B ¥I1

6L

UV 6L

d 6T

‘g 6L

T F9T
afi)



437

(G LENNY

H. J. StipMersexy axp A. T.

€9 - afav| L1ay 81040 ¢ B o 86 §10-0 ol “ 18 99- L 0€0-0
i ik
& 0600-0 ¢+odm £18A  VEE 06000 BN ey 0% — L 920-0
Lyl it di e
T e i 410-0 w s “ P o M.—MM ” 9g 7
- iy
"o . ®00-0 i P = : b = &
il i i 00 g 800-0 17
i £000 e £ L00-0 * ot ot
.m—. mg.nv_. (1! i T i
b ._L_u i ﬁwﬁ—ﬁ-..ﬂ ‘ ﬂ_. .I_.-n-:ﬂ Hﬂ.
5 h e g_-.-.ﬁ__ e ad ok e i
“ g w g00-01 ¥ H00-0 eF G 6 - 1 020-0
g (0L00-0 o til, e L00-0 99
e m.-- i ﬁuﬁ:.-'-ﬁ— ““ m- i = mg.g i __W-.“
e 0L0-0 g 8 i 0F0-0 “ go ST oF - L 0800
el SR £00-0 | . -
“ g e e00-0f 8 ROO-0 LR
s 800-0| = At : “
sdep p UL pata 8000 # 800-0 B8
¢ + aflaw] {19y R00-0 ) T e TR i 3 o TR
g 2000 g 8000 HA i 05— 0800
R .n.n i I.Er-“: i ... (1 i T LL
B .m (1 T_.-._“u.n...: _.u .T....-.—U.H- __._._” —“-.._”
e .h_ ahk _..H_.-__“._..._,“-—.. ek e ii 3 T - i o (s ke
MWD 6T DOKCT g g 000 £ L og - 0700
Y] T LR H.. i ii mg..-”- £ .n.-__pﬂ
Sy e #00-0 e Y 86 £00-0 * 1 LI | 0% - aflae] A1y &10:0
” " s > 020-0 S
ﬂ_ ......—.—”ﬁu.. (13 L)
« g _,,.EMM _ s4wp ¢ u1 payg 910-0 G
oy~ 3 86 010-0 “ gy gt
v —..-__ (11 I;..-:..H- * “ H-ﬂ.| i id mﬁzu-nﬂ. [ ﬂ.._..
sdwp ¢ ut paiq w000 1 Of —adm] L3180y V84 2000 848p ¥ spuout 11 0F - afawry £10-0
JpnEvy (03 asoqy nEy ugEo, (0w asog Funod Sunod po gy gHEm jo UL ERL ST ] {20} asogy
~ - 2 —— Jo afy puv Iatjom jo - agawny o J. =
Ayl poayungy Junod Jo oopsaiu] ooy sy ag Jaonm o nogoaiog
e sy,

pepoalur wixoy g pepoefn Rjpayiou ssan siyjout urauitl ueyn §18) uOWDIIUL Puodss jo spmsay

X 08
Z el

dd 6L

11 L&1

Vo

HaET

dd 0T

'd 6L
adwy

Journ. of Hyg. x1



438 Timmunity to Diphtheria Toxin

meaning of a small decrease is not clear unless the pig is kept under observation
for a considerable time until it regains its normal rate of growth. A small decrease
{5 or 10 grams) would indicate a severe reaction if the general conditions of time of
year, feeding, ete. were conducive to rapid growth, and if the weight of the pig did
not rise congiderably for some time. On the other hand, if conditions are unfavour-
able for rapid growth, as in the winter time, a small decrease in weight in five days,
followed immediately by a normal rise, indicates very little constitutional disturb.
anee. Thus it follows that Table XXXIV may include pigs affected with markedly
different degrees of severity and that if these pigs had been kept under close
observation for a longer time after toe injection, some would have been included
in Table XXXTII and some in Table XXXV. The main comparison, therefore,
must be made between Tables XXXIIT and XXXV,

In Table XXXV results are given for the young of eight does, all of
which were severely affected. Three only of these produced young
which survived a normal lethal dose. These cases are as follows,

Cage 79 P,, 14 days old young of first litter survived, older pigs of
a subsequent litter showed no immunity.

Cage 153Z. Only one test made on a 21 day old pig.

Cage 80X. Only one test made on an 11 day old pig.

The young from the other five does showed no trace of immunity
whatever, on the contrary there was evidence of an inereased suscepti-
bility as shown in Cage 79 PP, where five out of six young died earlier
than the controls injected with the same dose.

From the three cases where very young offspring survived the
normal lethal dose it would appear that pigs of this group may transmit
a trace of immunity to their young. This trace is rapidly lost and any
effect on the vitality of the offspring due to the severity of the reaction
caused by the injection of the parent is then exhibited by a condition of
greater susceptibility to the injection of toxin,

From these results it would appear that immunity in the second gene-
ration depends considerably, if not entirely, upon the ease with which the
first generation doe tolerated the toxin injected. This accords with the
experience gained in the course of general work on immunisation in
which it is found that the most effective response to the production of
antibodies is obtained when the dose administered produces a moderate
disturbance only; if this 18 much exceeded so that the animal 1s severely
affected its capacity for producing antibodies in response to the injection
is greatly impaired.
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F. Immunity in young of the third generation.

The results of the preceding section indicate a possibility of
producing very high immunity in young whose female ancestors have
received suitable stimuli in each generation. It would also seem
possible to produce young of very low resistance in a similar way,
Experiments have been commenced with these ends in view and the
results thus far obtained are recorded in Tables XXXVI, XXXVII,
XXXVIII and XXXIX, where the history of each generation is given.
The two second generation pigs surviving in Cage 79 P, recorded in Table
XXXV were each paired with a normal buck and their young showed
indications of lowered resistance, These are detailed in Tables XXXVI
and XXXVII. The two other cases of third generation pigs given in
Tables XXXVIII and XXXIX were those whose parents and grand-
parents easily survived the doses given (see Table XXXIII, Cage 94 C
and Table XXXIV, Cage 158 1)). These pigs showed considerable
immunity, particularly in the case of Table XXXIX, where a pig 47
days old gained in weight after an injection of 0-060 c.e. jar 98 B,
This dose represents nearly a } of the L0 dose, i.e. 50 binding units of
toxin,

At the time of going to press another third generation result has
been obtained confirming those of Tables XXXVIII and XXXIX. Two
pigs in cage 223 LA survived and gained in weight after injections of 6
and 10 fatal doses of a fresh toxin, The male parents were normal in
each generation and of the females the great-grandmother was injected
with a toxin-antitoxin mixture near to the L+ dose causing a large
local reaction and loss in weight. The grandmother survived 0:024 c.c.
of toxin 98 A with a large increase in weight, the mother survived
0030 c.c. 98 B with a slight loss in weight.
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TABLE XXXVI.

Doe injected with an L+ mixtore during 1907.
Paired with a similarly injected buck.

/

Ioe born 1, v, '08, injected 4. vi. '08 with 0-012 c.c. 98 A. Large reaction, lost 40 grms.
in weight. (Control injected with 0-011 c.e., died in 9 days.)
Puired with a novmal buck.

|

Doe born 25, v. '09, injected 8. vi. '09 with 0-008 e¢.c. 98 A. Very large reaction, lost
30 grms. in weight. (Control injected with 0-008 c.c., died in 5 days.)
Paired with a normal buek.

!

Born 21, xim1. '04, injected when 45 days old with 0016 c.e. 98 B, died in 4 days.
(Control injected with 0-016 e.c., died in 5 days.)

TABLE XXXVII.

Doe injected with an L4+ mixture during 1907.
Paired with a similarly injected buck.

l

Doe born 1. v. 08, injected with 0012 c.e. 98 A. Large reaction, lost 40 grme, in weight.
(Control injected with (0011 c.c., died in 9 days.)
Paired with a normal buck.

l

Doe born 25. v. '08, injected with 0-008 c.c. 98 A. Very large reaction, lost 40 grms. in
weight. (Control injected with 0:008 ¢.e., died in 5 days.)
Paired with a normal buck.

1

Born 18, 1. '10. Injected when 81 days old with 0-012 e.c. 98 B. Very large reaction,
lost 45 grmas, in weight. (Control injected with (014 e.c., lost 45 grms.)

Born 3. v.'10. Injected when 21 days old with 0016 c.c. 98 B, Very large reaction,
lost 80 grms, in weight. (Control injected with 0-01% e.c., lost 75 grms.)
Born 12, viir. "10.  Injected when 25 days old with 0-012 c.e. 93 B. Died in 8 days.
LE ] 5y 25 LR {}'ﬂlﬁ EL) an LL] 4 "
(Control injected with 04018 c.c., died in 7 days.)

5y LE ]

L

e poi i
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TABLE XXXVIII

Doe injected with L0 dose 22, 1. '08.
Paired with a normal bock.

l

Doe born 29. v. '08, injected 6. vir. '08 with 0°020 c.e. 98 A. Large reaction and
increase of 10 grms. in weight. (Control injected with 0-016 c.e., died in 3 days.)
Paired with a normal buck.

|

Doe born 20. vi. 09, injected 20. vri. "09 with 0-010 e.e. 98 A, Small reaction
and increase of 10 grms. in weight.
Paired with a normal buck.

l

Born 8. mr. 10, injected when 35 days old with 0-030 c.e. 88 B. Very large reaction.
No change in weight. (Control injected with 0-016 c.c., died in T days.)

Born 1. vim ‘10, injected when 32 days old with 0050 c.e. 98 B. Very large reaction.
Lost 10 grms. in weight. (Control injected with 0-016 c.c., died in 3 days.)
Born 1. viu, 10, injected when 32 days old with 0030 c.c. 98 B. Large reaction.
Gained 15 grms. in weight. (Control injeeted with 0016 c.e., died in 3 days.)

TABLE XXXTX.

Doe injected with an L0 mixtore 15. 1. '08.
Paired with a normal buek.

|

Doe born 28, virr. '08. Injected 1. rx. '08 with 0-022 e.c. 98 A. Large reaction. Lost
5 grms. in weight, (Contrel injected with 0:012 c.c., died in 3 days.)
Paired with & normal buck.

!

Doe born 21. v.'09. Injected 11. vi.'09 with 0:008 c.c, 98 A. No reaction. Gained
10 grmg, in weight. (Controls injected with 0-008 c.c., died in 3 and 4 days.)
Paired with a normal buck.

|

Born 12, v. '10. Injected when 43 days old with 0-040 c.c. 98 B. Medium reaction.
Gained 10 grms. (Control injected with 0-018 c.c., died in 6 days.)

Born 12. v.’'10. Injected when 47 days old with 0-060 c.e. 93 B, Very large reaction.
Gained 5 grms. (Control injected with 0-018 c.e., died in 7 days.)
Born 6. 1x. '10. Injected when 24 days old with 0-040 e.c. 98 B. No reaction.
Gained 30 grms. (Control injected with 0-020 c.c., died in 4 days.)
Born 6. 1x. 10. Injected when 24 days old with 0060 c.c., no reaction, (Gained
40 grms, (Control injected with 0-020 c.e., died in 4 days.)
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SUMMARY.

(1) The young of parents both of which have been injected with
an immunising mixture of diphtheria toxin and antitoxin, show immunity
of the same order as that of young from similarly treated mothers and
normal fathers.

(2) The injection of  certain foreign substances into a female
guinea-pig appears to have a direct effect on the offspring in diminishing
their resistance to diphtheria toxin, shown equally well by the young
of mothers injected, (a) before the attainment of sexual maturity,
(b) during pregnancy, and (c) after birth during the period of lactation.

(3) A single injection of diphtheria toxin may give rise to a
condition of active immunity (as tested by the resistance of the young)
in guinea-pigs possessing hereditarily transmitted passive immunity.
Should this injection of toxin give rise to great constitutional dis-
turbance, the young may show lowered resistance, whereas, if it give rise
to but slight constitutional disturbance, the young show a high degree of
immunity., These effects appear to be accentuated if similar injections
are repeated in the next generation.

S
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IMMUNITY OF GUINEA-PIGS TO DIPHTHERIA TOXIN
AND ITS EFFECT UPON THE OFFSPRING.

PArT 3.
(Continued from Vol XI, p. 442))

By H. J. SUDMERSEN, Pu.D.
axp A,'T. GLENNY, B.Sc

G. FEwvidence of lowered resistance in the offspring of normal
does and injected bucks.

THE results of our tests upon the young of normal does and immune
buecks agree with those of other workers in showing that no immunity
is transmitted through the male parent. At first only a few experi-
ments were performed to act as a confirmation of work already done by
those previously engaged upon the subjeet, but in these few experiments
not only was no immunity shown, but there appeared slight evidence that
the young of normal mothers and injected fathers possessed inereased
susceptibility to diphtheria toxin. Such evidence was also seen in the
case of the young of normal fathers and injected mothers as already
recorded in Part 2. It appeared, therefore, of importance to endeavour
to inerease the number of observations until the lowering of resistance
of offspring from an injected male parent could be either definitely
established or disproved. It was found that the number of experiments
necessary to establish the point firmly was prohibitive, but a sufficient
number of observations were made to strengthen considerably the
probability of the correctness of our conclusions. Evidence submitted
by other workers may be forthcoming that taken together with our own
results may form conclusive evidence,

When a number of normal guinea-pigs of the same weight and age are
injected with the same volume of the same toxin and kept under identical
conditions the majority of animals will die at the same time, but some
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marked discrepancies will oceur. The dose of toxin used as the Normal
Lethal Dose in these experiments was that which usually caused the
death of a guinea-pig on the fifth day after the injection. Many
normal guinea-pigs injected with this dose would die earlier (mostly on
the 4th day) while in others, death would be delayed until the 6th to
10th day, while an occasional pig might even survive,

As has already been pointed out, the quantity of a given toxin that
will kill a guinea-pig within a certain time varies with the time of year,
and so in all cases normal pigs were injected as controls to the experi-
mental animals and the dose was varied from time to time as was
necessary to make allowance for the slight seasonal variation in order to
keep the average lethal time as near to five days as possible.

The difference noted in the young of injected bucks was of the same
order as the difference occurring among normal pigs and very few
individual cases were sufficiently marked to be of any significance, but
it was repeatedly seen that the difference between the groups of pigs
was always in the same diregtion. An analysis of results showed that
when pigs bred from injected bucks and normal does were injected at
the same time as normal control pigs of the same weight with the same
dose of toxin, at least half of the young from injected bucks died earlier
than the young from normal parents. The resnlts are snmmarised accord-
ing to whether the experimental young died when the controls survived,
or whether they died earlier, at the same time (within 12 hours), or
later, or whether they lived when the controls were killed by the same
dose. If the pigs under consideration were of normal susceptibility it
would be expected that the numbers dying earlier or later than the
mean time of death of the controls would balance. To show how far
this would be tiue among relatively small groups of pigs the resulis of
all pairs of normal pigs treated upon the same day with the same dose
of toxin have been analysed in Table XL. An arbitrary distinetion
between the two pigs in each instance was made by comparing the
result of the pig marked with the earlier letter with that of the other
which thus takes the place of ‘control.’” This distinetion can have no
bearing upon the results because in all cases the normal pigs to be
injected are collected together and then taken up indiseriminately and
marked with a distinctive letter; later, at the time of injection the
marked pigs are taken one at a time without any regard to the letters
by which they are known and not until each pig is injected is its
distinetive letter noted. Thus it will be seen that the division made
is quite arbitrary and the summary of results should give a close

5—2
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approximation of what would be expected between our experimental
young and the normal controls if the former were of normal suscepti-
bility to diphtheria toxin. Table XL gives two groups of pigs—those
injected with Toxin jar 98 A with which all the tests recorded in this
section were performed, and those injected during the same period with
any other toxin that was tested on pairs of normal pigs. In both
groups the figures are elosely balanced—in the first group 13 appear
more susceptible and 12 less so, and in the other group the corresponding
numbers are 24 and 26. '

TABLE XIL.

Comparing the results of the injection of the same dose of loxin at the same
time wnto poirs of normal pigs divided according to an arbitrary distine-
tion between the members of each pair.

Number of phrt mu.rkml with the earlier letter

Toxin tested Eﬁf: rE 1?\!;?]“ faryifegr liii:ﬂﬁn:ﬂ' ; D{Ll_:'g Lﬂ:?ﬁﬁ“
Jar 95 A e 12 13 11 1
Other tozins b 22 21 23 8
Total g ' 34 &4 34 4

These figures are interesting in showing the extent of variation to be expeeted when
testing the Minimal Lethal Dose of diphtheria toxin upon guinea-pigs, but further
analyzis of or comments upon these figures is beyond the range of the present paper.
We might, however, note in passing that, from this table, 7 survivals may be expected
out of a total of 218 pigs injected with & dose that usually kills on the fifth day.

The total number of experimental young (z.e. young got from normal
does by injected bucks) tested was 107 and of these 8 died where
control survived as opposed to 1 living whose control died and 48 died
earlier as compared with 20 dying later. The total number of results
given in Table XL is practically the same and these are contrasted in
Table X LI,

TABLE XLI.

Contrasting the results of injection of toxin into experimental young (i.e. young
got from normal does by injected bucks) compared with normals and msuﬂs
obtained on comparing pairs of normal prgs.

Number of pigs under ohservation

- T
Dving when Iwyin Drying at Iiyin Livin wh.en
cuﬁl.ﬂ&i l.i';u-:E J:url'iuﬁ H-IHE:II.‘ Ei T I:.I‘.-I:I‘g ul:-hn:E ETET | Total
Normal pigs 3 34 34 g4 4 109

Experimental young 5 45 30 20 1 107
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A marked contrast will be seen in the results of the experimental
young as compared with the normal, shown by a shifting of the figures
to the left indicating increased susceptibility.

We have now to consider to what extent these figures are significant.
It is possible that the conditions under which the experimental young
were bred differed sufficiently from the normal to account for these
differences. Normal pigs were bred in large open runs from which
does were removed to single cages when well advanced in pregnancy,
while the majority of experimental young were bred in single cages
containing the injected buck and a normal doe. A total of 41 experi-
mental young were bred under conditions identical with those for the
normal controls and of these 21 appeared more as compared with 10 less
susceptible than the controls. These figures are given in Table XLII
contrasted with a batch of normal pairs of similar numbers.

TABLE XLII.

Contrasting the results of injection of toxin into experimental young compared
with normals and the results obtained in comparing pairs of normal pigs,
taking into account only such experimental pigs as were bred under con-
ditions identical with those of the normal.

Number of pigs under observation

" i o : ™

cRttilivel  wile  smmetms  Lier  oierdisd  Total
Normal pigs 1 12 13 11 1 38
Experimental young 2 19 10 10 0 41

Here again the shifting of the figures to the left is strong indication
of increased susceptibility among the experimental young,

An analysis of the results among the experimental young bred
under conditions differing slightly from the normal showed that young
of bucks but little affected by the injection showed no evidence of
increased susceptibility while marked results were obtained with the
young of bucks decidedly affected by the injection. As in the previous
sections of this paper the effect of the injection is judged by the local
reaction, the change in weight and by the excess of antitoxin in the
toxin-antitoxin mixture, Table XLIII shows that in whatever way the
effect of the injection upon the buck is measured there is a marked
sghifting of figures to the left when the buck is severely affected, while
in spite of slight differences in condition of breeding the young of bucks
but little affected by the injection give results closely approximating to
normal.
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TABLE XLITL

Dividing the result of the injection of torin into experimental young
according to the severity of the effect of the injection upon the bucks.

Number of pigs under observation
A

e

Local reaction :
No swelling 0 6 5 4 0
Large ,, 2 17 14 7 0
Change in weight :
Gain 0 B 9 5 0
Lioas 4 22 15 11 0
Eixeess of antitoxin :
Over 20 %/, 0 5 i b 0
Under 20 °f, 3 13 10 4 0

In addition to the above figures for single toxin-antitoxin mixtures
results were recorded for the young of bucks receiving toxin-antitoxin
mixtures containing excess of horse serum, horse serum alone, toxin
alone and toxin into bucks already rendered passively immune by maternal
transmission. These are given in Table XLIV.

TABLE XLIV,

Further results divided according to the nature of the injection received
by the buck.

Number of pigs Emd.cr observation

CETEIE R T

Mixture containing excess

of horse serum 2 i i 0 0
Horse sernm alone 1 6 1 4 0
Toxin alone ... 0 2 2 0 0
Toxin into passively im-

mune pig ... 1 5 1 0 1
Total ... 4 18 0 4 1

The resnlts thus far recorded show that when conditions of breeding
among the experimental pigs were identical with those of normal pigs
there is evidence of increased susceptibility among the young of injected
bucks, and also that when the experimental young, bred under conditions
differing slightly from the normal, are compared among themselves the
young of severely affected bucks ‘are more susceptible than those of
bucks unaffected by the injection and the latter give results closely
approximating to the normal.
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Analysis of results also shows that, as might be expected, the effect
is of a more or less transient character and that after a certain interval
of time has elapsed since the injection of the father the young are of
normal resistance. In Table XLV the results are divided according to
whether the young weresborn within or after 12 months from the time
of the injection,

TABLE XLV.

Cor.rasting the results upon the young of injected bucks born within 12 months
of the injection of the parent with those born during the next year.

Number of pigs under observation
A,

" Dying wi Dyi Dyis Dyi Living when
Wil 1'15111:3’;& &aﬁm' ufu: iﬁn lit:f c-:h:f E.rla'-&n
Simple toxin-antitoxin micture causing swelling. ]
Within 12 months 2 13 8 a 0
Alter 12 0 4 6 4 L]
Simple torin-antitorin mixture causing loss in weight.
Within 12 months 2 14 9 3 0
After 12, 2 B 9 8 0
Simple toxin-antitorin mixture with less than 20 °[, excess of antitorin.
Within 12 months 2 9 4 0 0
After 12 1 4 G 4 0
Mixture containing excess of horse serum.
Within 12 months 2 2 1 0 0
After 12 ,, 0 3 4 0 0

The other groups were only-tested within 12 months of the injection
of the parent, but among the bucks injected with horse serum alone
some were put to breed with normal does at once and the results of the
young born within three months of the injection of the parent gave

1 dying whefl. eontrol lived i ) . 6 pigs out of 7 more
3 ,, earlier than controls injected with a higher dose susceptible than
2 . "o » " the same ,, normal.

1 ,, atsametimeas ,, o 5 T

0 ,, later than the controls ... ... Noneless susceptible.

There is strong evidence here that the young of bucks injected with
horse serum possess less than normal resistance to diphtheria toxin.
A few experiments on guinea-pigs to which alcohol had been administered
appeared to show that this also has some effect in lowering the resistance
of the offspring to diphtheria toxin, It is thus probable that the results
dealt with in this section of the paper are of a non-specific character.
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The condition of increased susceptibility in the offspring is, therefore,
obviously to be referred to some effect on the male reproductive cell,
whether by direct action of the toxin, etc. upon the germ cell, or
indirectly by a lowering of the vitality of the animal producing it.

H. Effect of injections upon the rate of breeding of guinea-pigs
and the witality of their young.

In this section we have accumulated results which show the effect
of the injection of the parents upon their rate of breeding and also upon
the vitality of their young. In Part 1, Table XVII, we recorded an
instance in Cages 100« and 1000, two other illustrations are now given
as follows :

1. Toxin and antitoxin mixtures with different proportions of
antitoxin were injected at the same time into three pregnant does.

1 Test dose of toxin + 11 units of antitoxin—=Still-birtha.

| S » +1-8 »  —Young born alive but died within a few
days of birth.
1 " +145 5 »  —Young survived.

2. Alcohol was injected into breeding bucks on three or four sue-
cessive days. A few c.c. were injected, the animals exhibiting severe
symptoms of intoxication on each occasion. Four bucks were placed
with normal does immediately after the last injection. If both animals
in each pair had been normal we would have expected births in all
cases within three months, in these cases births oceurred at the end of
three months in only one case, seven months, and nine months in two
others, while the fourth buck was discarded after nine months and the
doe was still not pregnant.

So many factors influence the rate of breeding of guinea-pigs that it
is necessary when recording results in tabular formn to compare only
those animals that have been kept under identical conditions.

In the following tables only those pigs are recorded that were kept
under the same conditions in the same section of the animal house. In
all cases the parents were injected when 250 grams in weight and were
. placed in the breeding runs before they reached 400 grams. Under
these conditions a large majority of normal uninjected pigs commence
to breed in five months after they have reached 250 grams in weight. The
second litter follows usually three months after the first. Tables XLVI
and XLVII give the average number of months elapsing between the
injection of the parent and the birth of the first and second litters

g ey g, 5 Tete
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respectively for injected does paired with normal bucks. The results
are divided according to the nature of the injection and the change of
weight resulting. The separation of the toxin-antitoxin injection into
two groups according to whether excess of horse serum was present in
the mixture seemed advisable in consideration of the results in Part 2,
where it was found that cases of lowered resistance were frequent when
a large volume of horse serum was contained in the neutral mixture.
The figures appearing under “Toxin into immune young” refer to
passively immune does injected with toxin and subsequently used for
breeding second generation pigs such as are recorded in Tables XXXIII,
XXXIV, and XXXV of Part 2.

TABLE XLVI.

Showing the average time elapsing between injection of mother and birth of
Jirst litter of young divided according to change in weight produced by

the wnjection,
Months elapsing between injection Numhber of does under
and birth of nrﬂt litter nhaervm-tnn
Nature of injection Tncrease in weight Dmm v-lu:ght Im:ml.namwuight Bu-c:ruuaiuwuigh%
Toxin and antitoxin 76 T8 16 11
Toxin and antitoxin G2 T 12 10
(excess of serum)

Toxin into immune young G4 9-2 i 11

TABLE XLVIIL

Showing the average time elapsing between injection of mother and birth of
second litter of young divided according to change in weight produced by

the injection.
Months elapsing between injection Number of does under
and birth of second litter observation

-r--.qu h e

Nature of injection " Inerease in welght Dmmulnwulght inmjnwndght Diecrease in welght
Toxin and antitoxin 10-6 11-6 12 8
Toxin and antitoxin R 11-1 13 10

(excess of serum)

Toxin into immune young 9-0 11-5 4 i}

It will be seen that in all cases breeding was delayed beyond the
average time for normal pigs of the same weight (five months for first
litter and eight months for second). This was slightly more marked
when a decrease in weight resulted from the injection,

It was noticed that a considerable proportion of still-births
occurred among groups of severely affected animals. Table XLVIIT was
prepared to demonstrate this point. We must emphasize here the
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identity of conditions of breeding of all pigs included in the tables
because our experience in breeding normal guinea-pigs for routine
purposes shows that the proportion of still-births is greatly increased
by adverse conditions.

TABLE XLVIIIL

Showing number of still-births occurring among the various groups of pigs
under observation divided according to change of weight ocewrring after

the injection,
Change of wﬂight of parent

-

Increase in weight Dhecrease in weight
Which Number ]‘l}rmnlﬂ-ﬂ'&\ Number Femn!ag_;
parent Mature of of Total number of _af Total number of
injected injection gtill-birthe births  still-births  still-births births  still-birthe
loe only Toxin & antitoxin 1 66 159, 12 84 148,
Doe only Toxin & antitoxin 8 B 12-1 12 78 154
(excess of serum)
Doe only Toxin into im- 0 10 0 18 a7 316
mune doe
Buck only Toxin& antitoxin 3 13 231 14 56 250
Buck only Toxin& antitoxin — — —_ H 28 236
{excess of serom)
Buek & doe  Toxin & antitoxin 4 17 23-4 4 17 234
Cage 80 (LD) Cage 79 (L+)
Buck & doe Toxin& antitoxin 7 121 a8 19 128 148

Table XLVIII shows that the proportion of still-births is higher
among does severely affected by the injection and that the injection
of the male parent also affects the number of still-births. Among the
bucks the same restrictions occur that no figures are included unless
the conditions of breeding were identical,

It will be seen that the presence of excess of horse serum in the
toxin-antitoxin mixture increases the number of still-births, and also
that the number is high among the young of does passively immune by
maternal transmission which have received an injection of toxin. It is
somewhat surprising that this table does not show marked irregularities
because so many factors contribute to still-births. They are more
prevalent among large litters than small and almost invariably occur in
five-pig litters: a single litter of this size would greatly affect the
results. However, in Cages T9 and 80 we have a good comparison
dealing with fairly high figures; among L0 parents there were 7 still-
births in a total of 121, while in the L + group there were 19 in a
total of 128.

It was also noticed that as a general rule the young of severely
affected pigs took longer to reach the standard weight than those of

e e e i o
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animals less affected. To tabulate such resnlts it is necessary to bear
in mind that pigs increase in weight much more rapidly in summer
than in winter, also that the fewer pigs there are in a litter the heavier
they are at birth and the more rapidly they come up to weight.
Possibly other factors may contribute such as whether the young are
the first that the doe has given birth to, but our figures are too small
-to epable vs to detect such differences. Table XLIX gives the
average number of days taken by various groups of pigs to reach 250
grams weight during the summer,

TABLE XLIX.

Showing the rate at which pigs of different sized litters reached the standard
weight of 250 grams in summer time divided info various groups accord-
ing to the nature and effect of the injection into the mother.

Average number of days coming Number of pige under

up to weight observation
Number of pigs in Hiter Number of pigs in litter
m.a i p ] r : il
Natare of injection of wenlﬁb 1 2 3 4 1 2 3 4

: e o) Inerease 130 263 3290 = 4 1% 17 D
Toxin and antitoxin -

: | Decrense 1840 367 324 _— Z i ] T
Toxin and antitoxin ) Increase 19-5 253 3860 535 2 14 18 4
with excess of serum) Decrease 24-5  42:5 B8 542 2 4 15 4
Toxin into immune} Increase 165 - 350 — 2 1] 4 0

young Decrease 210 25-1 360 546 4 183 8 3

TABLE L.

Showing the rate at which pigs of different sized litters reached the standard
weight of 250 grams in winter time divided into various growps accord-
ing to the nature and effect of the injection into the mother,

Average number of days Number of pige under
coming up to weight observation

Number of pigs in litter Number of pigs in litter

_ Change -~ ' — - -
Nature of injection of weight 1 ] 3 i 1 2 3 4
Pzl and antitadn } Increase 26:2 459 590 B 12 10 O
Decrease 255 462 5783 445 2 4 g 4
Toxin and antitoxin) Increase 853 422 590 — - SR U S S
with exeess of serum ) Dieerense 330 88T 559 ik 1 B g8 0
Toxin into immune) Increase — 375 — — i [ 0 0
young ] Decrease s — 451 — 0 0 B8 0

1t would appear from Table XLIX that in cases of litters comprising
one and two pigs the effect of the treatment on the mother is marked,
in all cases the young of severely affected does took the longest times
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to reach the standard weight. This effect is not noticeable in litters of
three or four pigs, nor in the winter time (given in Table L). It is
probable that the effeet is masked wherever the natural conditions are
unfavourable to rapid growth.

SUMMARY—PART 3.

1. A male guinea-pig which has received a single injection of a
mixture of diphtheria toxin-antitoxin eausing severe constitutional
disturbance, may beget offspring of slightly lower resistance than normal
to diphtheria toxin,

2. This effeet is generally restricted to young born within twelve
mounths after the injection of the father, being rarely noticed in the
young of later litters,

3. An increased susceptibility to diphtheria toxin is likewise
observed in the offspring of male or female guinea-pigs which have
received a large dose of horse serum. The greater susceptibility to
diphtheria toxin of the young of male guinea-pigs which have been
treated with toxin-antitoxin may therefore be non-specific in character.

4. The injection of diphtheria toxin-antitoxin mixtures into
guinea-pigs whether male or female reduces their rate of breeding and
lowers the vitality of their young.

5. These effects are most pronounced when the toxin-antitoxin
mixture produces severe constitutional disturbance or contains excess of

horse serum.
CoNCLUSION.

In reviewing the results recorded in Parts 1, 2 and 3 of this
paper, bearing upon some of the problems connected with immunity to
diphtheria toxin exhibited in the case of the gninea-pig, we have seen
that the maximum immunity response to diphtheria toxin, as indicated
by the degree of passive immunity of the young, is obtained when an
injection of a mixture of diphtheria toxin and antitoxin contains
between 1 and 1'2 units of antitoxin to the test dose of toxin. Such a
mixture causes considerable constitutional disturbances as shown by
reaction at seat of injection and falling off in weight. The immunity
induced becomes less and less as the quantity of antitoxin in excess
increases. :

When it is borne in mind that in order to produce immunity by the
injection of a mixture of toxin and antitoxin a comparatively large dose

B ey :-.llv‘.":l\.l‘lr-
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of toxin is required, it appears extraordinary that a dose of toxin
slightly above the minimum fatal dose confers lasting immunity of a
similar order when ipjected into young which are passively immune by
maternal transmission ; although a dose of toxin injected into a guinea-
pig not possessing this initial passive condition of immunity will not, so
far as we know, produce even the slightest degree of immunity. A
difference betweea effecis of injection of toxin-antitoxin mixtures in the
guinea-pig and those of injection of toxin alone in the passively immune
guinea-pig was evidenced by the relationship between the reaction and
the degree of immunity produced, since generally the larger the reaction
with toxin-antitoxin mixtures, the greater the immunity, while with
toxin alone in passively immune guinea-pigs the reverse holds good.

The two cases are obviously different, in the one the toxin meets
the antitoxin already circulating in the body, while in the other the
interaction takes place at the site of inoculation. The process of
combination is therefore probably more gradual in the one than in the
other.

A single injection, or even a succession of injections of toxin alone
into a guinea-pig not possessing any initial antitoxin, is unable to
confer any immunity. Whatever these differences may signify it is
clear that in order to give the first stimulus to the production of
antitoxin in the body cells of the guinea-pig, it is necessary that somne
antitoxin be present either in the fluids of the body or introduced at
the time with toxin. This is in line with results obtained in connec-
tion with the immunisation of horses which we hope shortly to publish.

A matter of considerable interest is the great length of time
following the injection of an immunity preducing mixture of toxin-
antitoxin or of toxin alone in a passively immune pig during which the
doe can confer passive immunity upon her young. This may be taken
as evidence of circulating antitoxin for several years after the injection
and yet the young of such pigs when over two months old rarely possess
even a trace of immunity. It may be inferred that the circulating
antitoxin in the young is all destroyed or exereted within two months
from birth, while the mother that has received the single injection
of a toxin-antitoxin mixture continues to produce antitoxin for a
considerable time., It is evident that the machinery of side-chain
production, having once started, continues in the direction of over
production for at least two years after the stimulus has been given.

An injurious influence upon the germ cells is brought into evidence
when the father alone has been injected, while injections given to
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mothers during pregnancy and suckling likewise influence the young in
the direction of increased susceptibility, showing that the materials
necessary for the nutrition of the young may likewise be deficient in
quality or quantity or in both respects, and it is therefore possible that
most or all the cells of the body may suffer to some extent as the result
of an injection giving rise to production of immunity. As measured by
the resistance of offspring to intoxication indicated by tolerance or
non-tolerance of a slightly sub-lethal dose this injurious effect of an
injection might appear very small, but when taken in conjunction with
other effects observed, such as depression of procreative power, exhibited
by average delayed appearance of first litters and increase in percentage
of still-births, the injury resulting from such an injection may be
considerable.

In the case of the injected mother it was shown that although
earlier litters possess immunity, later ones may consist of more than
normally susceptible young, thus indicating that whatever antitoxin
might still be in circulation in the mother is insufficient to confer any
immunity on the young, and the injurious influence of the toxin is then
brought into evidence.

It does not appear that this lowered resistance to diphtheria toxin
is speeific, and it has been seen that similar results have been
obtained when the parents have been injected with such foreign
substances as horse serum, and possibly after repeated massive doses
of aleohol.

We have since demonstrated the existence of cireulating antitoxin
in injected guinea-pigs whose young can tolerate large doses of toxin,
while in no case have we found antitoxin in the blood of normal guinea-
pigs. Further work is now being condueted upon this subject, dealing
with the amount of antitoxin produced by the injection of toxin-
antitoxin mixtures in guinea-pigs and the relationship between the
circulating antitoxin and the resistance of the animal and its young to
toxin.

In view of the possible application of our results to the human
subject we are now investigating whether, under cover of antitoxin
introduced or normally existent in the blood, a condition of active
immunity may be induced by the injection of a small dose of toxin
giving rise to little or no constitutional disturbance. We have already
found that differences occur in the normal antitoxin value of the blood
of different individuals, :
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