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The considerations leading to the experiments
to be here described have been presented else-
where (1). The final criterion by which one may
judge the efficacy of a product designed to accom-
plish a particular purpose is its ability to fulfill this
specific function. Consequently, it has appeared
essential to determine whether tetanus toxoid,
produced on a medium free from peptone, would
compare favorably in actual human application
with that prepared in the traditional manner on a
peptone-containing medium. Fortunately, it is
possible to determine the response directly with
considerable accuracy by measuring the antitoxin
produced in the individual's blood. To this ex-
tent, therefore, it is possible to appraise the relative
merits of the two types of toxoid.

Actually, the final evidence of the ability of a
presumably protected individual to survive, with-
out symptoms, an injury which would normally
lead to tetanus cannot be provided experimentally.
Could such experiments be carried out, it is prob-
able that the titrable level of antitoxin would prove
to be the deciding factor. There is, naturally, a
possibility that some type of tissue or local im-
munity might play a part, but there appears to be
no experimental evidence to warrant such a sup-
position. Actually, the evidence from years of
experience with passive protection overwhelm-
ingly supports the view that circulating antitoxin
is the important factor. Clinical tetanus can be
prevented by maintaining an adequate level of
heterologous antitoxin in the blood for a suitable
length of time. A similar semi-permanent level
of homologous antitoxin should be at least as
effective. It seems reasonable, therefore, to judge
the efficiency of tetanus toxoids on the basis of
levels of antitoxin produced under similar condi-
tions in man.

Tetanus toxoid for human immunization is em-
ployed in two forms, "fluid" and "alum precipi-
tated." It is not our purpose to consider the

1 Aided by a grant from the Commonwealth Fund.

relative merits of the two at this time. Fluid
toxoid presents the simplest set of conditions for
study and the experiments to be described have
been carried out with this type of material. In
practical use, this substance is administered sub-
cutaneously in 3 doses of 1.0 cc., at intervals of 3
to 4 weeks. This series of 3 primary vaccinations
leads, in man, to a variable, but relatively weak,
output of antitoxin, but does "condition" the tis-
sues of an individual in such a way that a sub-
sequent single injection of toxoid made after a
lapse of months or years causes a rapid production
of antibody. It is customary, therefore, to follow
the primary series of 3 injections by a stimulating
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TABLE I

Effect of primary vaccination
Units antitoxin per cc. serum

Commercial Toxoid A

0.5
0.25

'ommercial Toxoid B
0.01
0.1

Commercial Toxoid C

0.1

0.001
2.5

<0.1
<0.5
<0.1
<0.5

<0.5
<0.01
<0.5
<0.5

<0.1
<0.01 missed 3rd

injection
<0.5
<0.01
<0.1
<0.1
<0.01
<0.5
<0.01

<0.25
<0.25
<0.01

<0.25

<1.0
1.0

<0.01

>0.01
>0.25
>0.01
>0.25

>0.25
>0.001
>0.25
>0.25

>0.05
>0.001

>0.25
>0.001
>0.01
>0.05
>0.001
>0.25
>0.001

>0.1
>0.1
>0.oa
>0.1

>0.5

>0.0o 11
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>0.25
>0.25
>0.01

>0.005
>0.25
>0.25
>0.1
>0.1

>0.1
>0.001
>0.1

TABLE I-Continued
Hydrolysate Toxoid 186

0.1

0.1

0.01

method described elsewhere (2) and had been packaged
and tested for sterility and safety by the Massachusetts
Antitoxin and Vaccine Laboratory.<0.5

<0.5
<0.1

<0.01
<0.5
<0.5
<0.25
<0.25

<0.25
<0.01
<0.25

Hydrolysate Toxoid Z

>0.01

>0.25
>0.1
>1.0

>0.01
>0.1
>0.25

>0.25

>0.05
>0.1
>1.0

>0.1
>0.1
>0.01
>0.1

>0.1
>0.25
>0.1
>0.1
>2.5
>0.1

0.1

0.1
0.5

0.1
0.5

2.5

Hydrolysate Toxoid AC

0.01

0.25

<0.1

<0.5
<0.25
<2.5

<0.1
<0.25
<0.5

<0.5

<0.1
<0.25
<2.5

<0.25
<0.25
<0.1
<0.25

<0.25
<0.5
<0.25
<0.25
<5.0
<0.25

or "recall" dose in a year's time, or whenever an

injury occurs of a type which might lead to the
development of clinical tetanus. It is therefore
possible to investigate the relative effectiveness of
toxoids as initial stimuli and also as agents for the
recall injection. Experiments along both lines
have now been carried out.

TYPES OF TOXOIDS

As representative samples of commercial fluid toxoids,
made on peptone-containing media, a number of vials pro-
duced by various manufacturers for use in the U. S.
Army were obtained. All of these were from batches in
actual use, which had certainly been check tested and
found satisfactory. For comparison with these, several
lots of "hydrolysate" (peptone-free) toxoid were selected.
These had been prepared in our own laboratory by the

PLAN OF EXPERIMENTS

For the series of 3 primary vaccinations, groups of
adult males, for the most part between 20 and 30 years of
age, were selected. A group of between 10 and 15 in-
dividuals was used to test each toxoid. The men were
given the customary 3 injections of 1.0 cc. each, at inter-
vals of 3 to 4 weeks. Seven days after the third injec-
tion, 10 cc. of blood were collected from each man for
titration of tetanus antitoxin.

To examine the response to the recall injection, similar
groups were available of 12 men each who had received
their primary tetanus inoculation with fluid toxoids about
one year previously. The toxoids used at that time were
all of the commercial peptone-containing type, and no
record was available of the particular brands of toxoid
used. These men were each bled 10 cc. for the determina-
tion of tetanus antitoxin still present as a result of their

TABLE II

Effect of stimulkting dose

Number Preinjwction titer Toxoid used Poutnjection titer

unibt tozin unit. antxito;nVW~erm perj cc serum
1 >0.001 <0.01 Commeral D > 1. < 2.5
2 0.001 CoerlD > 5. <10.
3 >0.01 <0.1 CommIal D > 1. < 2.5
4 >01 <0.1 Commeroial D 2.5
5 >0.001 <0.01 Comnerel D > 1. < 2.5
6 >0.001 <0.01 CommrIal D 4.
7 >0.01 <0.1 ComehrSlD > 5. <10.
8 >0.001 <0.01 Commeral D 0.25
9 0.1 CommerelaD > 2.5 < 5.

10 0.1 Commerl D 4.+
11 >0.01 <0.1 CommerblaD > 4. < 5.
12 0.5 CommercilD > 5. <10.

13 >0.1 <0.25 Hbsato 186 2.5
14 0.1 olsate 186 > 5. <10.
15 >0.25 <0.5 oyt 186 no blood
16 0.1 1ydromatel86 > 2.5 < 5.
17 >0.01 <0.1 ol 188 > 5. < 7.5
18 >0.1 <0.25 ydroysa186 > 4. < 5.
19 >0.01 <0.1 olgto 186 2.5
20 >0.01 <01 olsate 186 > 2.5 < 5.
21 0.25+ ydroyste 186 > 5. <10.
22 >0.01 <0.1 Hdroysat 186 2.5
23 >0.01 <0.1 Hydrolat 186 > 1. < 2.5
24 >0.1 <0.25 Hydrolymat186 > 2.5 < 5.

25 >0.01 <0.1 CommerlalE > 5. <10.
26 0.25 Comerl E >50. <60.
27 2.6+ Commereial E 5.
28 >0.1 <0.25 CommBerlaE >10. <20.
29 >0.001 <0.01 CoeralE <0.1
30 0.25 Commercial E >10. <20.
31 >0.01 <0.1 ConmebrlE > 1. < 2.5
32 >0.01 <0.1 Commerial E 20.
33 >0.01 <0.1 Commeil E >10. <20.
34 0.1 Commeril E >10. <20.
85 >0.25 <0.5 CommweralE >10. <20.
36 >0.01 <0.1 CommelE 5.

37 >0.1 <0.25 H tdrolyat Lot Z >20. <30.
38 >0.25 <0.5 HydrolabLotZ > 1. < 2.5
39 >0.01 <0.1 HydrolyaeLotZ > 5. <10.
40 0.5 Hdroyat Lot Z >10. <20.
41 0.1+ Hydrolyat Lot Z > 1. < 2.5
42 >0.25 <0.5 droysat Lot Z >10. <20.
43 0.01+ HydroysateLot Z > 4. < 5.
44 0.25 drobubLot Z >10. <20.
45 >0.1 <0.25 drolyateLot Z > 0.25 < 0.5
46 >0.1 <0.25 HroyateLot Z > 5. <10.
47 0.01+ drolabLotZ > 0.25 < 0.5
48 >0.01 <0.1 HdroysteLotZ > 1. < 2.5
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TABLE iI-Continued

Number Pro-injection titer Toxoid used Post-injection titer

unift antitoxin
pe cc. uruw

>0.1 <0.25
0.25
0.01+

>0.01 <0.1
>0.01 <0.1

0.1
>0.001 <0.01

0.01+
0.01+
0.5
0.25
0.01+
0.01+
0.01+

>0.01 <0.1
>0.01 <0.1
>0.01 <0.1

0.1+
>1. <2.5
>0.01 <0.1

0.25
>0.01 <0.1
>0.01 <0.1
>0.01 <0.1

>0.01 <0.1
>0.01 <0.1

0.01
>0.01 <0.1
>0.001 <0.01
>0.01 <0.1
>0.01 <0.1
>0.1 <0.25
>0.01 <0.1

0.1+
>0.1 <0.25

0.1+
0.01

>0.1
0.25

>0.01
>0.001

0.001
>0.001
>0.1
>0.25

0.01+
0.25+

0.25

0.01+
0.01+

>0.01

>0.01
>0.01

>0.25
>0.01

<0.25

<0.1
<0.01

<0.01
<0.25
<0.5

<0.1

<0.1
<0.1

<0.5
<0.1

Commercial F
Commercial F
Commercial F
Commercial F
Commercial F
Commercial F
Commercial F
Commercial F
Commercial F
Commercial F
Commercial F
Commercial F

Hydrolysate AO
Hydroysate AO
Hydrolyat AO
Hyrdroysate AO
Hydrolysate AO
Hydroysate AO
Hydrolysate AO
Hydrolysae AO
Hydrolysat AO
Hydrobsat AO
Hydrolsate AO
Hydrolysate AO

Commercial G
Commercial G
Commercial G
Commercial
Commercial G
Commeroial G
Commercial G
Commercial G
Commercial G
Commercial 0
Commercial G
Commeroal a

Hydrolsate AT
Hydroysate AT
Hydroysate AT
Hydroysat AT
Hydrolsate AT
Hydrolate AT
HIydroysate AT
Hydroysat AT
Hydrolysate AT
Hydroysate AT
Hydroysate AT
Hydroysate AT

Commercial H
Commercial H
Commercial H
Commercial H
Commercial H
Commercial H
Commercial H

unit. antitoxin
per cc. runn

5
> 5. <10.

5.
>1. <2.5
>1. <2.5

5.
>1. <2.5

2.5+
>1. <2.5
> 5. <10.
>30. <40.
>1. <25

0.5+
< 0.5
< 1.
< 7.5
< 2.5
< 5.
< 4.
< 2.5
<10.
<10.

<20.

> 0.25
> 0.5
> 5.0
> 1.
> 2.5
> 2.5
> 1.
> 5.
> 5.

5.
>10.

> 5.
> 5.
> 2.5
> 5.
> 1.

2.5
10.

no blood
0.6+

>10.
> 1.
>10.

> 1.
> 2.5
> 1.

no blood
0.5+

> 0.01 < 0.1
> 2.5 < 5.

>2.5 <5.
> 5. <10.

5.
>20. <30.
>2.5 <5.

> S.
> 5.
> 1.

> 5.
> 2.5

4.
<10.
<10.
< 2.5

6.

<10.
< 5.

earlier vaccination, and were then given, in groups of 12,
1 cc. of one of the toxoids. After a lapse of 7 days,
blood was again collected for estimation of the response.

ANTITOXIN TITRATIONS

The serum was separated from the clots and the tetanus
antitoxin in each sample was titrated in the usual man-

ner, except that mice were employed rather than guinea
pigs. The toxin used was a dry, standard preparation
supplied by the National Institute of Health, and the
quantities used at the various levels were those stated to
be correct. A number of the sera were check-titrated at
the National Institute by the guinea pig method, with
perfectly satisfactory agreement between the two sets of
results.

ANALYSIS OF RESULTS

It is evident from an inspection of these data
that the response in antitoxin production obtained

with the various lots of hydrolysate toxoid com-
pares favorably with that from those prepared on
peptone media. The same rather considerable
individual variation evidently occurs in man as in
experimental animals, and a direct comparison of
the various lots of toxoid used is difficult because
of the relatively small size of the groups. It is
perfectly evident, however, that neither as primary
stimuli, nor when used as recall injections, do the
hydrolysate toxoids differ in any degree from the
peptone products.

The following statistical analysis of the figures
has been prepared by Miss Jane Worcester of the
Department of Vital Statistics, Harvard School of
Public Health.

<10.
"Since antitoxin titers are necessarily positive, it might

<1o. seem better to discuss their logarithms rather than the
< 4 actual values, but a cursory examination of the data in-
< 2.5 dicates that because of the nature of the variation neither

the logarithms nor the values themselves form a satis-
factory series upon which to use precise statistical tech-

<20. niques. Consequently a rather general discussion seems

<20. preferable to one aiming at precision. The tables give
< 2.5 the mean and median response to the commercial and
< 526 hydrolysate toxoids.

Bleedings seven days after third injection of 1.0 cc.

Mean Median Mean Median

Commercial A 0.28 0.38 Hydrolysate 186 0.18 0.18
Commercial B 0.10 0.06 Hydrolysate Z 0.52 0.28
Commercial C 0.49 0.18 Hydrolysate AO 0.51 0.18

Total 0.28 0.10 Total 0.41 0.18

The means and medians indicate that the effects of
commercial toxoids A and C cannot be considered differ-
ent, but that it is possible that the effect of B is less than
the other two. There is no difference between the mem-
bers of the hydrolysate series. If the data are combined
into two series, one for the commercial and one for the
hydrolysate preparations, the mean values are 0.28 and
0.41. The difference between the medians (0.10 and 0.18)
is slightly smaller than that between the means and seems
to be too small to have any significance.

The post-recall titers present much the same picture.

Post-recaU titers

Mean Median Mean Median

Commercial D 3.9 3.9 Hydrolysate 186 4.2 3.8
Commercial B 14.1 15.0 Hydrolysate Z 8.0 6.0
Commercial E 6.5 4.4 Hydrolysate AO 4.5 3.5
Commercial F 6.6 7.5 Hydrolysate AT 4.3 3.8
Commercial C 5.4 6.0 Hydrolysate

Total 7.5 5.0 Total 5.3 3.8

327

49
50
51
52
53
54
55
56
57
58
59
60

61
62
63
64
65
66
67
68
69
70
71
72

73
74
75
76
77
78
79
80
81
82
83
84

85
86
87
88
89
90
91
92
93
94
95
96

97
98
99

100
101
102
103

..l 1-



J. HOWARDMUELLER, LEAH R. SEIDMAN, AND PAULINE A. MILLER

With the exception of the effect produced by the toxoid
B, the various products seem to be acting in the same way.
'The mean values for the total groups are 7.5 and 5.3.
If the values for B are removed, the mean value for the
commercial series becomes 5.6 which does not differ from
5.3. This particular lot of toxoid B does seem to be
producing a significantly better titer than any of the
other toxoids considered."

It is not without interest that toxoid B, used in
the primary vaccination series, and toxoid B used
in the stimulation experiment, were identical, the
same lot from the same manufacturer. In the
first case, it apparently was the least effective of
any, whereas in the second group it appeared to
be outstandingly good. The same toxoid showed
a perfectly average result when tested in guinea
pigs (1).

The use of peptone-free tetanus toxoid for hu-
man prophylaxis thus appears completely satis-
factory from the standpoint of antitoxin produc-
tion. It is neither more nor less effective than
the ordinary type, but unlike that, it cannot lead,
when used initially, to sensitization to some com-
ponent of the original medium. Naturally it con-
tains protein products of the tetanus bacillus, in-
cluding toxoid, and in certain individuals, reac-
tions due to these materials may occur, either on
the first or a subsequent injection. It is gen-
erally believed that such reactions are few in num-
ber and mild,-quite different from the immediate
and alarming anaphylactic type which has oc-
curred in certain individuals, and has been shown
to be due to components of peptone (3). For
example, in the series of approximately 50 pri-
mary human vaccinations, no reactions were noted,
although the majority of the volunteers in these
groups were men with definite histories of al-

lergy. In one man who had received two courses
of (probably) alum-precipitated toxoid over a
period of several years, a stimulating dose of one
of the hydrolysate toxoids resulted in a badly
swollen arm, but no general symptoms. His
serum antitoxin increased from 2.5 to 12 units per
cc. in 7 days. Unfortunately, it was imprac-
ticable to keep the remainder of the men under
close observation, but no alarming symptoms were
reported in any case.

It now seems possible, therefore, to prepare
this prophylactic agent in such form that the only
antigenic material present is the one desired, plus
such additional products of growth of the tetanus
bacillus as naturally accompany it. Whether an
effort to purify further the toxoid itself, by re-
moval of these latter substances, will be desirable
must depend on more extended practical use of the
material.

The work described in this paper was done under a
contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and
Development and Harvard University.

Inclusion of this series of papers in this number of the
Journal of Clinical Investigation was made possible by
the Josiah Macy, Jr. Foundation, at the request of the
editors, in order to provide prompt publication of results
of investigation particularly relevant to military medicine.
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