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So far, all experiments with etiological therapy for te-

tanus have failed. Successful operations of recent times

concentrated on prophylaxis, which was primarily directed

towards obtaining an active immunization of the entire popu-

lation in a most comprehensive manner.

Even though some objections have been raised about si-

multaneous immunization, it remains the preferred method

used after injury. The objections mostly refer to the in-

sufficient protection during the interval between the fa-

ding of the passive immunization's and the onset of the

active immunization's effectiveness. Furthermore, it is

feared that the effects of antitoxin and of toxoid are re-

ciprocally impaired. However, on the whole this result can

be prevented by separately administering a small antitoxin

dosage as well as by using adsorbate toxoids.

For an infection diagnosed as tetanus, active rapid

immunization with additional administration of tetanus anti-

tixon (TAT) is suggested.

Recently, however, skepticism has been growing against

the use of heterologous TAT. Equine TAT, the foreign pro-

tein mostly used up to now, causes a sensitization of the

patient against the animal protein and may lead to a serum

disease as well as anaphylactic shock with its dangerous

side effects. (Maurer 17). If a patient had previously

been given TAT, administering the same TAT acts as a booster;
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and the antitoxin is eliminated so rapidly through a too

sudden development of antibodies against the animal protein

of the TAT, that an effective antibody level disappears

within days. Besides the shock symptoms mentioned above,

the antigen-antibody reactions which appear after the use

of heterologous TAT may lead to life-endangering neurologi-

cal complications, such as encephalitis and polyneuritis

with subsequent permanent paralysis. When using heterolo-

gous TAT, the frequency of the complications is, reported to

be between 5 and 7% on the whole (Summary Voss et. al. 29).

Finally, a certain reservation against the use of increased

doses of heterologous TAT exists because the phenol which

has been added to some antitetanic preparations as preserva-

tive may injure parenchymatous organs. This became evident

16in some cases of fatal renal insufficiency (Maurath et al.
Voss t al.29

Voss et al. ). Therefore, at the International Congress

on Tetanus in Bombay it was requested that the use of he-

terologous TAT be discontinued completely, especially since

the disease is not aggravated after abandonment according to

extensive Indian statistics (Shah, survey at Mayrhofer et

al. 18).

In view of the disadvantages mentioned above, which

speak against the use of heterologous TAT, and of several
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indications taken from animal tests which apparentlv do

not allow us to exclude a certain effect on the disease bv TAT

31 7(Weisschedel , Bedjanic and Banic , Webster and

Laurence 30), it was logical to use homologous TAT as

suggested by Stafford et al. 28 as early as 1954. As a hu--

man protein, human TAT does not ftave an antigenic effect, so

that the risks of allergic reactions are eliminated. Pre-

servatives and stabilizers which are contained in TAT-con-

taining gamma globulin preparations are harmless even when

large quantities are given. Research on the breakdown

rate of human TAT in the organism of healthy subjects
(Smolens et al. 27, Rubbo and Suri 2 Rubinstein

revealed its superiority to equine TAT: it showed a

half-life of 3 and 4 weeks.

Soldiers who had been vaccinated against tetanus were
19

used as blood donors in 1962 when Neumann described

for the first time the application of blood transfusions

in tetanus therapy; severe cases of tetanus disease which

were treated in this manner were cured.

The first systematic experiment to use TAT-containing

human serum in tetanus therapy was made by Ellis 10 in

1963. From 25 patients treated in this manner only two

deaths were reported by him. However, Ellis points out

that his favorable results are probably due to a lesser

degree to the application of human serum but rather to
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an increase in experience at his treatment center. Ellis

supplied his adult tetanus patients with 20,000 to

80,000 international antitoxin units (AE) and children

with 8,000 to 16,000. On the second after the intake of

human TAT the serum titer was determined in all patients

in the appropriate manner and no values were below

2 AE/ml. The titer was not monitored over some time so

that there are no focal points on the rate of disappearance

of the antibody in the patient's organism.

Own clinical observations by use of homologous TAT

With respect to the work of Ellis 10 and especially

that of Voss et al. 29 and the fact that for some time

now, homologous TAT is available in Austria in the form

of a tetanus hyperimmune globulin with an antibody con-

centration of 250 AE/ml, with an addition of Merthiolate

as preservative and Glyzine as stabilizer the application

of human tetanus hyperimmune globulin was taken into the

therapy plan in seven cases of severe tetanus during the

last several months. The average dosage amounted to

20,000 AE and was administered intramuscularly. The re-

latively large volume of 80 ml of gamma globulin was di-

vided into several portions and injected deeply into the

intramuscular system. Because of existing reservations

against an intravenous application of unmodified gamma

globulin (Barandun et al. 6), the intramuscular form of
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injection was selected, especially since the findings of

Piringer et al. 20 showed that an even distribution in the

plasm and interstitial space is achieved after about two

days also with this form of application. In order to ob-

tain information concerning a possible later intravenous

administration, a small portion of tetanus hyper immune

globulin was infused in two cases intravenously in a

heat-inactivated human plasma protein solution, as a

3% solution, in the manner described by Auerswald and

Kiesewetter 5, without causing negative side effects. It

should be mentioned that in the treatment of the pa-

tients before their admission to the hospital equinous

TAT and/or tetanus toxoid had been administered in aM1

cases. Therefore, as a matter of routine, administration

of this medication was continued, in variying degrees,

irrespective of the administration of human TAT. This can

also be seen in figure 1.

Table 1 gives a survey of the seven cases treated.

It is evident from this that the patients comprise various

age groups and that all cases belonged to the tetanus level

of severity IV and V. Surgical therapy consisted of excision,

and/or amputation: There were no cases with unkown location

of entry of the infection so that on the whole the area

of infection can be considered to be cured. Tracheotomy

was performed on all patients and they were given cava-
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catheders (Bricke and Ma. 8, Pokieser and Ma. 21) for

parenteral feeding. The common "lytical mixture" of

chlorpromazine, promethazine, and pethidine, and/or de-

hydrobenzperidol and phentanyl, a mixture which is used in

neuroleptanalgesy, further barbiturates and valium (a

benzodiasepine derivative). On the suggestion of Seyffert

and Wilbrandt 26 all patients were given in addition

25 mg of hydrocortisone in crystal suspension intralumbary,

1 to 3 times during the first two weeks.

Due to limited space, we cannot go into a detailed

discussion here on the complications and the course of the

disease (see table 1). However, some specific points de-

serve mention. Negative side effects of the various

antitoxins could not be proved in any of the cases with

certainty. With the exception of one patient who developed

asthma after the spasms subsided and for that reason had

to be given continuous artificial respiration while at

the same time maintaining the sedation. The agent causing

this effect could not be determined. There may be a

connection between a patient who died of myocardial in-

farction and the reaction of the organism to the adminis-

tration of heterologous TAT. Catalano 9, Roussak 22, and

Schaub and Zimmermann25 believe this to be true.

In respect to the clinical effect of the treatment,

it seems that, especially with older patients, a miti-
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gation of the disease was achieved. This may be seen

in the fact that compared to previous therapy only 2

out of 7 cases required artificial respiration. However,

it should be taken into consideration that simultaneously

with other measures the patients received hydrocortisone

intralumbarly. All of the authors who so far have re-

ported their experiences on this subject, such as Eyrich
11

and Ma. recently, believe that this is a true thera-

peutic advance even though it is not possible to give

specific evidence on the mechanism of the effect (anti-

inflamatory effect in tetanus mesodiencephalitis?). Also

the a'love mentioned investigation shows, especially

after the first administration, a very noticeable effect

of this treatment. It is manifested in a decline of the

increased muscular tone and a mitigation of the spasms.

On the other hand, when using corticoids it should be

taken into consideration that this the formation of endo-

genous antibodies is inhibited. A massive administration

of homologous TAT should not be effected by this. However,

the us- of heterologous TAT may help weaken negative

reactions against the species-foreign protein, while, on

the other hand, effect of a toxoid administration which

is likely to be expected may be impaired by corticoids.

In none of the above mentioned cases the length of

the disease could be shortened with certainty by the use
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of human TAT. Ellis 10 comes to the same conclusion.

In the case of a young patient the therapy seems to hiave

had no effect at all on the clinical course. Until the

39th day,on which the patient died of pulmcnary embolism,

spasms could easily be recognized.

The mortality of the disease was not affectee. As

indicated in the last column of table 1, fatal complica-

tions are varied and are not likely to be connected to

the TAT therapy, except for the myocardial infarction

case which has been discussed above.

Investigation of the behavior of the homologous

antibodies administered in the course of the therapy

Except for the orienting significance of the anti-

body level shortly after the injection of human tetanus

10serum by Ellis , no research has been done on the behavior

of homologous TAT in the patient's organism, especially

with regard to the dependency of time of the titer drop.

There is only detailed information on the antibody level

and its drop after administration of prophylactic dosis

27in healthy test persons (Smolens et al. , Rubbo and

Suri 23, Rubinstein 24, Greenberg 13); hereby, half-time

of the homologous TAT was set at 3 to 4 weeks and for

heterologous TAT at about 4 days. Our previous own re-

search (Auerswald et al. 4, Auerswald and Doleschel 3

Piringer et al.. 20) confirmed that the half-time of
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homologous antibodies amounts to at least 3 weeks. Further-

more they showed that the fear that after intramuscular

application a significant portion of the antibodies would
15

be broken down and thus be lost (Martin du Pan et al. )

is unjustified.

This study tries to find an answer to the qucstion of

whether the titeiswhich are to be expected after an intra-

muscular administration of TAT and based on the above men-

tioned work, are achieved also in manifested tetanus and

whether the half-time values of homologous TAT in the patient

vary from those of healthy persons.

The titer analysis in the serum of the patients was

performed according to Ibsen's method and the results were

rocorded in AU/ml i) As mentioned above, the evaluation

of the results was made diffiult by the fact that already

prior to the administration of human TAT, uniformly per-

formed in all cases shortly after admission to the in-

tensive care ward, various amounts of equinous TAT and/or

tetanus toxoid had been administered. These medications

were completed.

Analogous to previous own research (Auerswald 2) and

following the results of Gitlin et al. 12 with respect to

the exchange of gamma globulin between plasma and the extra-

1) At this point we would like to express our gratitude

to Mrs. Hilde Hartl for her technical cooperation.
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vascular interstitial liquid space, the computation of

serum titer values to be expected in the normal organism

after the intake of a specific amount of antibodies was

performed as follows: After reaching the conditions of

an equilibrium, that is after about two days, a parente-

rally supplied antibody class 7S is distributed in the

plasma in the amount of 45% and 55% in the remaining

extracellular liquid space; the volume of the plasma can

be assumed to be about 40 ml/kg of the body weight (Auers-

wald i); in order to calculate the beginning of the theo-

retical curve of disappearance the requirement for equi-

librium should be extrapolated to the time when the in-

jection was given, so that the initial theoretical anti-

body concentration in the plasma may be calculated based

on the equation:

AU/ml 45% of the injected antibody quantity in AU
plasma volume in ml

The drop of the curve of disappearance is shown in the

half logarithmic system (abszissa = time, ordinate - log

AE/ml) as a straight line according to the input half-time

which is for the homologous TAT according to our own pre-

vious results three weeks and for the heterologous TAT

according to Rubinstein , four days. Further, it may

be assumed that according to the observations by Piringer et

al. 20 after an intramuscular supply the effective titer

values will reach the theoretical curve of disappearance -1
11
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after about two days. Since in the applied titer determi-

nation homologous and heterologous TAT cannot be distin-

guished from each other, the investigation of the theoreti-

cal rate of disappearance - when homologous and heterolo-

gous TAT appeared simultaneously in the organism - was cal-

culated by forming a sum curve from the separately con-

structed individual rates of disappearance of both antibo-

dies.

With regard to the applied tetanus hyper immune globu-

lins it was important to exclude that this preparation con-

tain fissural products of the gamma globulin which might

pass the kidney filter because of their low molecular

weight and thereby cause the titer to drop too fast. A

sedimentation analysis of the preparation (ultra centrifuge

Spinco model E, analytical rotor D, 52,640 rpm) showed

that it concerns a highly purified fraction with the se-

dimentation constant of 7 S, which merely contains a negli-

geable additive of a fraction of 10 S but no fractions with

sedimentation constants of <7S.

The results of the titer investigations of the seven

patients of the above mentioned cases are summarized in

figure 1. With the exception of the case illustrated in

figure lb, it is apparent that the titer values of TAT are

high during the week following the intramuscular adminis-

tration of human TAT. With the exception of the patient

14



P. in figure lb they do not reach the values of the theo-

retical sum curve, however, they are close to the hypothe-

tical rate of disappearance of the human TAT. The titers

which have been determined at a later time, however, on the

whole are very low. To the extent that values were deter-

mined 5 to 6 weeks after the injection of homologous TAT,

they are about by half a power of ten lower than it would

correspond to the theoretical curve of disappearance. In

the case illustrated in figure 1 the titer drops very early.

A survey of the entire titer studies confirms the

assumption that intramuscularly administered TAT is dis-

tributed in a relative short time in the interstitial

liquid space in such a manner that a serum titer which

approximates to the theoretical expectations is achieved.

The established titer values further indicate that Rubin-

stein's results are correct: the heterologous TAT is elimi-

nated within a few days; this speaks for the extent of

the undesired antigen-antibody reactions which occur when

using heterologous protein. The fact that the human anti-

body shows a much steeper drop than observed when it was

used prophylactically seems to be very important. This

may be caused by the fact that in a manifested tetanus anti-

bodLes were bound to free tetanus toxin through binding; in

addition, in those cases which repeatedly contained tetanus

toxoid antibodies may be connected. As important as the

15



administration of toxoid as prophylaxis may be upon injury

of the patient who has received sufficient basic immuni-

zation, on the other hand it is a great problem to adminis-

ter toxoid in the cases of fiures la, b, and d; apparently

these toxoid supplies did not lead to an increase in titer

due to the fact that their antigenous effect was neutralized

by the administered TAT and at the same time likely causing

a loss of titer of the circulating antibody.

Preliminary summary

In contrast to the optimism which is expressed in the

29
report by Voss et al. , the above mentioned clinical re-

sults are rather modest. However, it should be mentioned

that in this case mostly severe cases of tetanus were con-

cerned. The clinical impression of a slight mitigation

of the spams and the specific results concerning the beha-

vior of the antibody concentrations in the course of the

tetanus therapy, which were done for the first time, may

indeed give important clues in the search for an optimum

treatment plan of the tetanus disease.

In any event, it may be assumed as a fact that in

manifested tetanus it is possible to achieve an initial

antibody content in the extra-cellular liquid by use of

homologous TAT in the form of a human hyperimmune globulin

preparation, which approximates to the theoretical expecta-

tions; this occurs about two days after intramuscular

16



administration. However, the titer drops at a much faster

rate in the patient that can be deduced from the biologi-

cal half-time of homologous gamma globulin.

If TAT is to be used at all in the therapy of tetanus

the problem arises whether after outbreak of the disease the

antibody may still find an effective use. Research by Web-
30

ster and Laurence indicate that TAT may only neutralize

free tetanus toxin but not the toxin which is connected to

the structures of the central nervous system. If, regard-

less of these facts, one still would like to assume a thera-

peutical effect of TAT (it may be based on the animal ex-
31 7

periments of Weisschedel and/or Bedjanic and Banic ) a

human antibody should definitely be preferred to an animal

antibody. However, an effect may only become possible if

the homologous antibody is distributed into the two liquid

spaces - plasma and extra-vascular interstitial space -

very rapidly and in an initial concentration as high as

possible; thus a basis for a competition with the toxin

could be established provided it could be achieved in

the direction of the central nervous system regardless of
30

the findings of Webster and Laurence and the achievement

of very high TAT concentrations which would represent a

real therapeutic chance by displacing the fixed toxin.

Setting these conditions requires that initially -

if possible after the appearance of the first signs of the

17



disease - a high dose of no less than 50,000 AE of human

TAT is administered whereby about half should be adminis-

tered intramuscularly and the other half intravenously in

order to achieve a rapid flow in of the entire intersti-

tial liquid space of the blood and from the tissue fluid.

Based on the above mentioned experience, a further dose of

about 5,000 AE should be administered in intervals of

about three days in order to prevent the TAT level from

dropping. In order to prevent an undesired neutralization

of TAT a simultaneous toxoid administration should not be

performed.

Only if by use of homologous TAT the conditions men-

tioned are set - for the continuation of the above men-

tioned investigation - to specify defined and reproduceable

TAT titer in the course of the therapy will it be possible

to give a safe opinion on the value of the TAT within the

framework of the treatment plan of the tetanus disease.

However, until clarification of the question about the

therapeutical value of a tetanus antitoxin one will have to

follow the previously established suggestions whereby, how-

ever, at least as far as human TAT is available, already

now heterologous TAT will not be used any longer.

Summary

In 7 cases of severe tetanus (severity grade IV and V)

homologous TAT (tetanus antitoxin) was used in the form of

18



Figure 1: Determination of tetanus antitoxin (TAT) titer

in the course of therapy in 7 cases of tetanus.
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Ordinates: TAT titer in the plasma in antitoxin units
per ml.

Injections: human TAT'-= 5,000 AU (20ml of human hyper-
immune globulin); equine TATT• = 5,000 AU;
toxoid adsorbateA= 0.5 ml of tetanol

PV: in each instance this is the plasma volume of the
patient based on body weight

Titer values: 0 actual values determined according to
Iben's method.

theoretical rate of disappearance of
the equine TAT
theoretical rate of disappearance of
the human TAT
sum of the rate of disappearance of
both antibodies

Summary (cont.)

a human tetanus hyperimmune globulin within the framework

of the entire therapy. The administration of equine TAT

and/or of tetanus toxoid, part of which was given prior to

admission into the clinic and part of it continued after the

admission, was followed by administering intramuscularly

20,000 AU of human TAT on the average. Even though the

subsequent clinical course of the disease was not shortened,

the spasms seemed to migitate slightly. Following the in-

jection, the TAT titer in the patient's serum was monitored

over a period of Llp to 6 weeks and compared with the hypo-

thetical rate of disappearance based on the biological

half-time of the antibodies. While the values determined

during the first week approximated to this rate of

20



disappearance, the TAT titer dropped during tlh.ý further

course of the disease much steeper than the theoretical

expectations predicted. Within the fram~ework of aiming at

interpreting the results, the requiretie~its which are needed

for a final evaluation of the therapeutic value of TAT

are postulated.
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