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INTRODUCTICH

Within the following pages the author has endeavored
to intelligently cover all of the heedings included in tne rather
imposing title found on the previous page. The body of this paper
ircludes a comurehensive review of the literature of the past
five years concerning prevention, treatment, and immunization of
tetanus,

At the end of this thesls there is a2 revort on 389 prophy-
lactic injections of tetanus anti-toxin that were given to men who
were constructing the Fort Crook Bomber Plant during the spring and
summer of 1941, I wish to express my sincere appreciation to
Dr. R. W. Fouts of Omahe who granted me free use of his files; also
I wish to thank Dr, Joseph Weinberg, Lr. J. Y. Duncan, Dr. W. L. Suchs,
Dr. J. E. Courtney and Dr. W, E, Holmes, for their invaluable con-
trihutions to my report on the prophylactic injections. Because,
emong the various reactions encountered from the injections of teta-
nus anti-toxin there were several neuritic complications, the re-
port &t the end of this peper includes a review of nerve compli-
cations resulting from prophylactic injections of tetanus anti-toxin,

It is my sincere intention not to make this psner a series
of quotes; it is mv intention to write a logical composite picture
¢f the treatment, prevention and immunization of tetanus. Hay uy

resnlts be 2s good as my intentinons.
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GENFRAL CONSIDERATIONS

As will be shown in this paper, the mejority of authorities
agree that tetanus antitoxin is the chief factor in treating
cages of tetanus, and thet immunization of all children with the
alum precipiteted toxoid can reduce the appalling mortality rate
of 40-60%. Also, most men who have had contact with a good many
cases of tetanus agree that excellent nursing care and adequate
sedation are just as important as the antitoxin.

It is often a very difficult job to know what type of wound
merits prophylactic treatrent, formerly it was supposed that only
deep puncture wounds resulted in tetanus, but the past decade has
proven this to be a fallacy, for tetanus infection may result
from the slightest laceration. In fact there are certain types
of wounds where the physician rarely, 1f ever, gives tetanus anti-
toxin for prophylaxis, for examnple injuries to the eye seldon re-
sult in tetanus, D. G. Cogan (1) reports that there are only 29
cases in the world 1it rature, and that 14 of these cases have
occurred since the use of antitoxin. Cogan also brings out that
the majority of these injuries were due to objects associated with
horses, such as whips, or objects that had been in contact with
the ground, such as horseshoes and pitchfoks., This report of
Cogan's is certzinly not contradictory, for tetanus spores have

been proven to be just about anywhere; particularly are the spores

likely to be in fertilized earth. Cogan goes on to mention that



these 29 cases were all associated with severe suppurative in-
fections not caused by the Clostridium tetani, and that all of
these cases were fatal., Of course one cannot conclude from these
29 cuses that a suppurative infection imposed on a case of tetanus
causes a more severe tetanic reaction, but I have found in review-
ing the literature that a case of tetanus complicated by a sup-
purative infection was more inclined to be fatal than a case of
tetanus wherein there was no infection. I have brouzht Cogan's
report in here at this time to illustrate that tetanus can occur
in most any type of wound; therefore there is a great responsi-
bility placed on the physician, for he must deteraine if it is
necegsary to give tetanus antitoxin, or to give a "booster" dose
of toxoid, if the patient has been previously immunized. The
clinician should thoroughly analyze each wound; naturally if it

is a puncture type, the wound readily heals over on top and pro-
vides excellent anaerobic conditions for the tetanus bacillus.
Also the instrument that caused the wound should be taken into
consideration; if the instrument was the prong of a pitchfork
that had been imbedded in a pile of manure, then there would be
little hesitation about taking the usual  rophylactic measures.
However, as stated before, tetanus mey result from any type of
wound ; consequéntly it is impossible to cite any definite criteria
as to when prophylaxis for tetanus should be given. It seems to

me that the physicians' own conscilence is the best criteria; if



you can't sleep nighits because you failed 1o take the necessary
precaution then by all means give the pstient the antitoxin. I
do not mean to infer that the antitoxin should be given out to
every patient with an injury, for as will be brought out later
some very serious complications mey arise from giving tetanus
antitoxin to the wrong person. It is of interest to note at
this point thuzt the state of Indiana holds the attending phy-
sician responsible if one of his patients develops tetanus and
the prophylactic injection had not been gi#en. Indiana even pro-
vides a fund to buy antitoxin for those who cannot afford the ex-
pense. (2).

Dietrich and Kershner (3) in a report covering 28 éases of
tetanus showed that 70 percent of these cases suffered compression
fractures in one or more vertebrae near the apex of the dorsal
curve., All of these fractures occurred in children, and these
two men explained the fractures as the result of the tetanic con-
vulsions hammering the bodies of the vertebrae together. There
are no symptoms from this type of fracture; however, the area in-
volved may show a flattening, which, as the author points out, is
rather contradictory, as one would expect a kyphosis. Also these
two men state that any sort of treatment of these fractures is of
no avail; the damege done to the vertebrae of these children can-
not be repaired. Consequently, one may infer from this article
that adequate sedation in a child suffering from tetanus may save

the child from a sever® back injury.



Ls T have intimated befdre it is not wise to give any type

of horse sera blindly; adequate precaution should always be taken.
Forman (4) in an article in the Chio State Medical Journal emphasi-
zeg thot a complete history of any allergy on either side of the
family must be obtained, which would include asthma, vaso-motor
Ahinitis, migraine, and hay fever; also any idiosyncrasies, such
as hives, from certain foods, weeds, or flowers. Particularly
'should there be inguiries made as to whether the pztient gets any
reaction when he is around horses, or if he has had horse sera
before. Forman ingists that it should be a rule that horse serum
should never be given until a skin test has been done, he even
goes so far as to say that not only should you skin test with
horse serum bub also with horse dander. If there is any doubi

as to whether the skin test is positive or not, then a conjunctival
test should be done. Patients who have been found to be positive
to horse serum or dander can be de-sensitized by injecting 1 to

2 ccls of serum or dander as an initial dose then increasing the
-dose by 1 cc every half hour until the reqguired amount is given.
In versons who prove to be positive to both horse dander and serum,
it is best to change to another type of serum. Now to most phy-
siciang who see a great many traumatic wounds this time-consuming
and rather bothersome method of skin testing and de-sensitization
may seem to be a waste of time, but I believe that if you have

ever had experience with some of the more severe complications that
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horse serum can produce you would gladly go through all of the
tests not once but twice.

It was formerly the supposition, and some physicians still
harbor the erroneous belief, that anaphylactic shock msy be avoid-
ed if the tetanus antitoxin is given while the pstient is in deep
anaesthesia, but in 1937 Quill (5) réported a case of anaphylaxis
in a young man who had received tetanus antitoxin while he was in
ether narcosis. This case prompted this same author to run a
series of experiments on dogs, rabbits and guinea pigs; a group
of each of these animals were sensitized to horse serum, then the
animels were put in deep anaesthesia with ether and then given
"shocking" doses of horse serum. Every single animal showed signs
of anaphylactic shock. Also this same technique was carried out
on non-sensitized animals and there were no signs of anaphylaxis
in any of them. Therefore, Quill arrived a2t the conclusion that
ether narcosis does not prevent anaphylactic shock in any way.

In 1939 Koontz and Shackelford (6) carried out a similar experiment
to Quill's on guinea pigs alone and they found that ether narcosis
decreases anaphylaxis in guinea pigs, but the authorg of this
article maintain that their work cannot be applied to man, because
the guinea pig is extremely sensitive to horse serum, hence what-
ever protection the ethernarcosis would give would be very marked

in guinea pigs. The dogs used by Quill are about as sensitive as

man to horse serum, and Quill showed that anaphylaxis is not pre-

vented by ether narcosis in dogs. I believe that it may be con-
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cluded from these experiments that ether narcosis may have some ef-
fect in cutting down anaphylaxis in sensitized guinea pigs, but it
has no affect on rabbits or dogs; therefore it is not safe to as-

sume that ether narcosis will prevent anaphylaxis in man.
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ANTIMAL EXPERIMENTS IN TETANUS

In reviewing the literature on tetanﬁs I found that a great
deal of experimental work has been done in regards to the efficiency,
dose, point of injection, and proper time to give tetanus antitoxin.
Therefore I feel that a special section should be dedicated to
this experimental work:

In 1938 Abel and Chalian (7) carried out a series of experi-
ments on dogs and monkeys in order to determine the most favorable
time for administering tetanus antitoxin, snd if it was possible
to neutralize toxin that had been previously fixed by tissues.

The technique involved giving the animals a certain number of
minimal lethal doses of tetanus toxin; then after a period of time
the toxin that was left in the blood was washed out; by determining
the amount of toxin in the blood it was then simple to calculate
how much of the toxin was fixed in a given length of time. All of
these dogs were saved from death by the administration of antitoxin;
therefore Abel and Chalian concluded that it was possible to neutral-
ize fixed toxin. In a later series of experiments carried out on
dogs and monkeys these same two men found that toxin in the blood
stream is readily neutralized by tetanus antitoxin. This latter
part of the experiment was carried out by merely not washing out
the toxin first but given the antitoxin after the toxin had been
injected into the blood stream, then examining the blood for free

toxin. By following this experimental technique, as roughly out-
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lined above, it was concluded that serum therapy is of no avail

in cages of descending tetanus where one or more minimel lethal
doses have been fixed by the tlssues before the antitoxin is given;
that in tetanic animals whose tissues have fixed many lethal doses
of toxin, those animals can be kept from showing signs of tetanus
if the serum is given before a certain period of time has elapsed
in the incubetion period. In cases where one to three minimal
lethal doses have been given you cannot wait longer than forty hours
before giving serum if you wish to avoid signs of tetanus, if ten
or more minimal lethal doses are given you cannot wait longer than
twenty~four hours before giving serum 1f you wish to avold signs
of tetanus. It is impossible to save life if there is evidence
of descendingtetanus and one or more lethal doses of toxin have
been fixed. However cases of tetanus may be saved if there is
descending ®tanus, but less than one lethal dose of tetanus has
been fixed in the tissues. Abel and Chalian also conclude from
their experiments that cases of local tetanus can readily be saved
by giving adequate and continuous amounts of antitoxin, for in
local tetanus the local tissues fixed as much toxin as is possible
then the remainder of the toxin is thrown into the blood stream
and eventually‘becomes fixed in other tissues thereby fixing mgch
more toxin and so increasing the severity of the infection.
Finally, Abel and Chalian concluded that the amount of toxin fixed
by the tissues ig decisive for life or death, that any toxin that

ig "left over" in the blood stream is useless.
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It is quite evident from examining the warious reports in
the literature that there is quite a controversy as to the safety
and rationale of injecting tetanus antitoxin into the spinal
canal.,

In 1939 Schumacker, Lamontvand Firor (8) showed that dogs,
cats and monkeys could be killed with roughly the same amount of
toxin per kilogram of body weight if it was given into the motor
end area of‘the spinal cord. The three speciés of animals were
used because the monkey is sensitive to toxin (tetanus), the dog
is resistant to tetanus toxin, and the cat is even more resistant
" to tetanus toxin than the dog. Two hundred dogs, forty cats, and
fifteen monkeys were all injected with so many lethal doses of
tetanus toxin per kilogram in the motor end area of the spinal
cord, and all of the animals showed the following signs in order:
back leg reflexes became hyperactive, vague movements of hind legs,
clonic movements of hing legs, then an inability to stand. These
animals did not die as they received their injections into the
lower lumbar area, hence this portion of the experiment shows that
the toxin was fixed in the cord at point of injection. Other
animals of the three species named were injected in'other parts of
the cord and it was found that they all had the same signs of
tetanus when they were given the same amounts bf toxin per kilo-
gram. As a consequence of these experiments it was rationalized
that the various degrees of immunity in the various species of

animals depends upon their ability to neutralize tetanus toxin be-



.fore it became fixed in the spinal cord.

In 1940 Schumacker, Lemont and Firor (9) carried their ex-
periments in species differences in resistance to tetanus toxin
a bit further, and injected guinea pigs, mice, dogs and cats (the
guinea pig being the most sensitive to toxin and the cat the least
sensitive to toxin) with tetanus antitoxin intra-venously, and at
the same time injected these same animals with tetanus toxin in
various sites, then they determined how much of the toxin had been
neutralized. These men found that the greater the sensitivety of
the animal to the toxin the less the amount of toxin that was
neutralized, and that if the toxin was given in the spinal cord it
took seven thousand times the amount of antitoxin to neutralize
the foxin, if the toxin had been given intra-venously as well as
the antitoxin; also it took four to twenty times more antitoxin if
the toxin was given intra-muscularly or sub-cutaneously; the anti-
toxin was most effective when the toxin was also given intra-venous—
1ly; however still better affects were obtained when the toxin and
antitoxin were mixed together in vitro, then the mixture given intra-
venously. Schumacker, Firor and Lamont (9) make no attempt to ex-
plain why animals that are the most éensitive to tetanus neutralize
less amounts of toxin then the more resistant animals. They do
however explain that it would naturally take more antitoxin given
gntra-venously if the toxin is given directly into the tissues, then
if the toxin is given into the bood stream, for the toxin in the
tissues is very readily fixed, hence difficult to neutralize, and

the toxin is even more difficult to neutralize when it is injected

into tissues it has a special affinity for, such as the spinal cord.
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In view of the above findings Schumacker, Firor and Lamont

(10) attempted to treat cases of tetanus in dogs with antitoxin

by giving the antitoxin by various routes, and these men reported
that the intra-thecal method of giving antitoxin was the most suc-
cessful way of treating moderately severe tetanus. They stressed
that the tetanus should be only moderately severe, for the best
results with intra—thécal administration, for these investigators
implied\that if the tetanus was only mild then the dogs got well
even if the antitoxin was given sub-cutaneously or intra-venously,
and if the tetanus was too severe then no method of giving anti-
toxin was satisfadtory. These men also reported that dogs with
severe tetanus who were treated with intra-thecal antitoxin lived
longer than thogse dogs who had severe tetanus and were treated by
the intra-venous or sub-cutaneous route. The report én the latter
series of experiments is concluded with the idea that the exact
intra-thecal doseage is not known, nor is it known whether the
cisternal or lumbar routes are best. In an article written by
Firor (11) he discusses the experiments just previously mentioned,
'and Firor intimates that one should not conclude from these ex-
periments that the intra—thecal route is the best route in man,

for he notices that in the dogs there often resulted a sort of
bulbar poliomyelitis when the serum was given intra-thecally;
particularly was this true in aogs with severe tetanus. Firor sug-
gests that this bulbar reaction may be eliminated if it was possible
to obtain a human serum from those who had been previously immunized

with tetanus toxoid; or by a finer purification process of the
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serum with proteolytic enzymes. Firor closes his article with
the staterent that the exper%ments he and his associates carried
out (Schumacker and Laméi;?“;gi not conclusive as to the im-
portance of whétever meningeal damege msy result from the intra-
thecal administration of tetanus antitoxin; he also states that there
is no difference in efficiency of antitoxin if it is given in lum-
bar region or cisternsl region. |

Yodh (12), Vener and Bower (13), who will be mentioned again
in the clinical reports of treatment of tetanus, all highly recom-—
mend that patients with tetanus should be given serum by the intra-
thecal route. This idea is contrary to Firor's report that one
should at least hesitate before giving a human antitoxin intre-
thecally. Also Dietrich (14), who will be mentioned in a later
chapter, strongly advises Qhat the intra-thecal route should not
be used, and that great caution should be used in giving antitoxin
by the intra-venous route because of the severe bulbar reactions
that may result, and because of inflamatory changes in the meninges.
Dietrich (14) severely criticizes Yodh (12), who had reported low
mortality rates when using the intra-thecal route, for not including
in his mortality percentages those that died within twenty-four
hours after they came under his (Yodh's) care. Yodh rationalized
thet those who died within the first twenty-four hours would have
died no matter what was doﬁe, so he subtracted those twenty-four

hour deaths from his mortality and obtained what he called a net-

mortality. Dietrich claims that perhaps those early deaths were



caused by the intra-thecel administretion of antitoxin.

This so-called bulbar poliomyelitis thet Dietrich (14)
and others asttritute to the intra-thecal and intra-venous use of
tetanus antitoxin is, according to Dietrich, not & tetanic thing
tut more or less resembles a poliomyelitis that has involved the
bulbar region. Dietrich alsc claims thet this bulbar reaction is
not en allergic menifestation, otherwise epinephrin should control
the bulbar seizures. In my search for some explsnatiom for this
bulbar reaction I encountered a theory proposed by %W. F. B. Hall
(15). However, Hall supposes that the reactions zre of & tetanic
nature, or "acute messi¥e tetanismus." This theorXy is titled,
the Phenomene of Toxin Release, which, in brief, is as follows:
Tetarnus toxin in combined form is releaced from the easily dis-
socizble combination es a result of post-prophylectic loss of
antitoxin; there is then a subsequent development of & anti (anti-
toxin) or anti-amboceptor, end there is then the final violent
combination of the heavy theropeutic antitoxin and the anti (anti-
toxin) or anti-amboceptor with the subseguent release of free
toxin. In other words, Hall believes thet before the "massive
tetanismus" can occur the patient must have been sensitive to the
anti—toxin‘then this sensitivéty is lost end a anti (anti-toxin)
develops, then if tetanus develops and huge therspeutic doses of
entitoxin are given the anti (antitoxin) unites with the therap-
eutic antitoxin and free toxin is liberated. This is especially

true i’ the therapeutic antitoxin is given in a tissue that has =



particular affinity for tetanus toxin. The theory mey be likened
to the replacement of & weak acid by a strong acid in a unstable
acid-bage combination i.e., toxin-anti (antitoxin) plus antitoxin
equals antitoxin anti(antitoxin) plus free toxin. The impetus for
| this theory was the fact that Hall had three cases of acute massive
~ tetanismus after intra-thecal administration of tetanus antitoxin,
and each of these patients were senéitive to the antitoxin before
it was given intre-thecally, but all three of the patients had been
de-sensitizéd before the‘therapeutic antitoxin was given; however
the sensitivéty had been present long enough for the anti (anti-
toxin) to develop. Hall points ocut that even in persons with
negative skin tests it is dangerous to give the antitoxin into a
tissue that has an affinity for the toxin, for it is entirely
possible that a person mey have once been sensitive, then lost that
sensitivety and the anti‘(antitoxin) nay have developed. The part
of the toxin that is released ig the cases of so-called M"acute
tetanismus" is the tétanospasmin. By the same theory as given a—
bove tetano hemolysin mey be released when therapeutic entitoxin
is given directly into the blood stream, Hall reports three cases
of hemolysis (1 death) in persons who had previously received
intra-venous serum before.

I have presented Hall's therory not because I believe it ex-
plains the bulbar poliomyelitis mentioned by Dietrich (14), for

these bulbar reactions have occurred in persons who have never
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had & previous injection of tetanus antitoxin; Rercfore in

those cases it would be impossible for the anti (antitoxin) to
develop; unless of course a person could naturally acquire this
anti (antitoxin), which is not probable, but because I belicve

it is worthy of consideration, for perhaps the bulbar poliomyelitis
and the acute tetanismus are two sepasrate entities.

The theory that tetanus toxin follows the nerves has long
ago bepidigcarded, for it is now generally accepted that the toxin
is transmitted by the blood stream, but just how the toxin com—
bines with the blood was a question until about two years ago when
Shwartzman (16) injected guinea pigs with twénty to forty minimum
lethal doses of tetanus toxin, then bledthese guinea pigs from the
heart. The blood was pooled, defibrinated with glass beads, filter-
ed, contrifuged. Some of the cells were washed four times with
sodium chloride, these cells failed to produce tetanus when inject-
ed into a guinea pig, but the unwashed cells did préduce tetanus
when injected into a guinea pig. It was found that the amount of
toxin present in the blood was in direct proportion to the amount
of hemoglobin present; so it was concluded that the toxin attached
itself to the hemoglobin probably the oxy-hemoglobin.

While I have just previously stated that at the present time
most everyone is convinced that tetanus toxin followé the blood
stream; it was not so very long ago that everyone was also con-
vinced that the toxin followed the nerves of the organism. How-

ever, Speath (19) states that if the toxin did follow the nerve



path ways then the disease should vary with the location of the
lesion, and in his series he found that this was not true; also
if the Merve theory" were true there should be more clossical
pictures in tetanus, of first involving ;g;;i;e nerves and then
proceeding to the nerves of the extremities. Speath also reminds
us that the belief that toxin follows nerve path ways was so long
prevalent because it was difficult to prove that the blood was
toxic; he accounts for this difficulty in the following:

(1) Blood may have been taken from an animal who was very
sensitive to toxin; therefore all of the toxin may have been fixed
in the tissues.

(2) It is necessary to inject large quantities of toxic
serum before eny effect cen take plece.

(3) Recipient animels of the toxic blood mzy have been
regictent to the toxin.

(4) Amount of actuzsl toxin present may have been very low.

(5) Tetarus upsets the metabolism to such a degree thst all
of the toxin mey have cdisappeared. ihenever all of these factors
sre taken into consideration it is guite & simple metter to prove
that the blood of & tetanic animal is quite toxic.

As will be seen later one of the first treatments for tetanus
was the use of phenol (Babes 1898) and the vhenol treatment has been
revived on and oif ever since that time. In May, 1941, Thompson
and Friedman (17) conducted experiments on dogs that definitely
proved that phenol vis of no value in treatment of tetanus. First

the length of time wasdetermined it took a dog to die when given
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one hundred dog-lethal doses (100 D.L.D., kills in 25-46 hours).
Next three dogs were given 100 D.L.D., and six hours later a

1:4000 solution of phenol was given intra thecally; three other
dogs were also given 100 D.L.D., plus & two hundred times the
neutralizing dose of tetanus antitoxin wes given intra-thecally,

in one dog the therapy was combined, and several other dogs were
just given phenol alone. From this experiment the results obtain-
ed were: +the dog that received the phenol for treatment of tetanus
died sooner than those dogs who received no treatment for their
teteanus, dogs that received the two hundred times neutralizing dose
of antitoxin were saved (it was further determined that the dogs
could be saved with a dose of 182 times neutralizing does, if it
were given within & six hour period). On post-mortem examination
of the dogs who received the phenol intra-thecally, a toxic myel-
opathy of central nervous system was noted with thickened meninges,
there was also noted a simple nephrosis of kidney with passive
congestion, and the liver showed passive congestion with degenera~
tion; thése later conditions were noted on post-mortem examination
when the experiment was carried further and an attempt was made

to save dogs who were given one hundred D.L.D., and at the same
time given 1:4000 solution of phenol, both given intra-venously;
however here again the phenol only caused the dogs to die sooner
than if they had not received the phenol. So from these experi-
ments it was concluded that the tetanus antitoxin is very definite-

ly superior to the phenol, in fact the latter is more toxic than
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the tetanus itself. Consegquently, I believe that the post-mortem
examinations of those dogs who received the intra-thecal phenol
are sufficient reasons why tetanug antitoxin should probably not
be given intra-thiecally, for quite often phencl is used as a pre-—
servative in the antitoxin, and even if the phenol is present in
small amounts it can cause irritation to the meninges.

It would indeed be very convenient if it were possible to
give tetanus viectims a stendard dose of antitoxin and know that
they were adequately protected. Speath (19) attempted to prove
in June 1941 thet a sirgle intra-musculer or intra—venous dose of
20,000 to 100,000 units of antitoxin was sufficient to ward off a
lethal dose from 6-42 days. Speath took blood from twenty—six per-
sons who had been actively treated for tetanus by receiving 20,000~
100,000 units of antitoxin. White mice and guinea pigs were given
various amounts of tetanus toxin, then the blood serum from the
trected patients were given to the animals. The time for death
of animals was noted, snd the amount of toxin neutralized was de-
termined by titration. These titrations indicated thet the length
of time a high titer is present in the blood is not directly pro-
portional to the amount of antitoxin given. Speath's clincisl ex~
perience with a standard dose will be mentioned later.

In summation; the animal experiments previously described re-
sulted in the following conclusions:

Abel and Chalian

1. It is possible to neutralize fixed toxin if
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sufficient quantities of antitoxin are given.
Antitoxin must be given before a lethal dose of .

the toxin becomes fixed in tissues.

Schmaucker, Lamont and Firor (8-9-10-11)

1.

Hall (15)

1.

Spinal cord tissue has a specisl affinity for
tetanus toxin.
No matter what the sensitivety of the animal to

tetanus toxin, the same amount of toxin per kilo-

- gram injected into the cord kills all species.

Intra~thecal administration of antitoxin is an
excellent avenue for injection of antitoxin in
moderately severe cases of tetanus in dogs.

A reaction similer to, a bulbar pcliomyelitis may
result when antitoxin| is given intra-thecally.
It tzkes many hundred| times more the usual
neutralizing dose of antitoxin to ﬁeutralize
tissue fixed toxin, then if the toxin were free

in the blood stream.

The greater the sensitivety of an animal to
tetanus toxin the less the amount of toxin that

is neutralized by the antitoxin.

HEMoRYSES

An acute tetanismus or reedyeds may be explained

by the Toxin Release Theory.

Thompson and Friedman (17)

1.

Phenol has little or no effect in the treatment of

tetanus and may cause serious damage to the tissues.
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Schwartzman (16)

1. Toxin in the blood stream is in combination
with oxy hemoglobin.

Speath (19)

1. A sufficiently high protective liter of anti-
toxin is obtained in the blood stream for =a
period of 6-42 days by one intra-venous or
intra-muscular injection of 20-100,000 units
of tetanus antitoxin.

While animal experimentation is invalusble to the progress of
medical science, I firmly‘believe that the results of clinical ex-
perience proves the true value of any medical procedure. Hence
I shall now attempt to compare the various clinical methods in

the treatment of tetanus.



CLINICAL TREATMEXNT
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It was mentioned earlier in this paper that phenol was one
of the first therapeutic agents used in tetanus (Babes 1898)
(Baccelli 1911). In 1931, before Thompson and Friedmen (17) con-
ducted théir experiments on the efficiency of phenol, Suvensa (18)
revived the phenol treatment, using a 1: 400 solution of phenol
in thirty to forty cubic centimeters of sqline, and injecting the
mixture intra-thecally. Suvansa claimed that in the fourteen cases
treated only four of the patients died;however, in a later series
of twelve cases trezted with phenol five of the patientsdied. At
the present time Suvanse uses tetanus antitoxin, but he still main-
tains thalt phenol is very good in mild cases of tetanus. Personal-
1y I believe that phenol may be excellent for a mild case of tetan-
us, but a mild case of tetanus is rather difficult to diagnose, for
often what appears to be mild suddenly blossoms out as a severe
case of tetanus, and I do not believe that an intelligent clinician
would take the risk and just give phenol alone in even a so-called
mild tebtanus. |

Tetanus antitoxin can literally work a miracle if given in
early stages to a tetanus victim; consecuently it is very import-
ant for the clinician to recognize the earliest onset of tetanus.
Jensen (20) emphasizes such early symptoms as sore throat, pain
across back and difficulty in swallowing as indicative of early
tetanus; perticularly when there is a history of some sort of

svGiIeql
wound., This author aiso recommends that immediate iodiesd ex-—
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icision of the wound should be’done, expecially if the wound is
infected with facujlative staphylococcus'or streptococcus of the
hemolytic variety, for theye organisms make an excellent necrotic
nidus for the tetanus bacillus. Rarely do the tetanus spores leave
the site of innoculation; in several rare instances thé spores have
been found in fhe spinal fluid, therefore if a complete excision
.6f the wouna is done the source of the toxin is eliminated. Jensen
also points out that if gas gangrene develops, the gas infection
will cause the tetanus to lie dorment; consequently gas infected
victims should receive tetanus prophylaxis.

While Jensen (20) believes the surpical debridmont of the
wound is a great aid in helping the tetanus patient, he also
insists that an adequate amount of antitoiin be given, but Klopp
(21) insists "that an ounce of .clean surgery is worth several
pounds of serum therapy." In.using the surgical approach as the
only direct method of saving a tetanus patient Dr. Klopp is over-
looking that some of the toxin may be already fixed in the tissues,
and all the clean surgery in the world will not save the patient
if sufficient amount of the toxin is fixed; however it may be quite
likely that the antitoxin cannot neutralize fixed toxin; but that
is getting ahead of the story.

While expermiental evidence points to the fact that intra-
thecal and intra-venous therapy may prove disastrous to the patient,
Canwarden (22) reports three éases of tetarms that were cured com—

pletely with intra-venous and intra-thecal administration of anti-
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toxin. One case received 16,000 units intra-venously and 4,000
units intra-thecally; two other cases received 180,000 units intra-
venously followed in twenty-four hours by 40,000 units intra-
venously. Naturally these three cases are not sufficient to prove
that the intra-venous and intra-thecal methods are entirely safe.

Cables (23) reports the cure of a single case of tetanus with
the usual trismus,risus sardonicus opisthotonos, emd stiff neck and = Rwo
abdomen, The patient was also subject to severe convulsive seizures,'
which were kept under control with 25 percent intra-muscular mag-
nesium éulfate, and soluable pheno bofbital, 2 grains sub-cutaneous-
1y every four hours. Besides the sedation the patient received a
total of 3,450,000 units of antitoxin of which 700,000 units were
given intra—vénously, and 2,760,000 units were given intra-mscular—
ly. It is of interest to note that Cables gave epinephrin (2 ce's)
intra-venously along with each intra-venous injection of antitoxin.
‘There is little doubt thait the intra-venous epinephrin would neot
aid in preventing anaphylactic shock, but in the previous discussion
| of the so-called "bulbar polio" it was stated that epinephrin was
of little use.

Yodh (12) who was pfeviously mentioned in this paper, and se-
verely condemned by Dietrich (14) for using the so-called net
mortality rate, (subtracting all those patients who died within
twenty-four hours after coming under his care) gives a réview of
438 cases of tetenus treated with intra-venous, intra-muscular, and

cisternal antitoxin. Yodh's total mortality was 50.6 percent




(net mortality 29.4 percent). The usual procedure in treating
these cases was to give immediately 40,000 units of antitoxin
cisternally, 40,000 units intra~venously, 40,000 units intra-
muscularly; then every day thereafter give 40-80,000 units either
intra-muscularly or intra-venously. Yodh claims in this article
that the patients who received the antitoxin cisternally did much
better than those patients who did not get any antitoxin cisternal-
ly. The author does not discuss the patients who cied in the

first twenty-four hours, in other words, he does not mention whether
the deaths resembled a bulbar poliomyelitis. Yodh's contention that
intra-thecal administration is a desirable avenue for the injection
of antitoxin is in disagreement with Dietrich (14) and others who

believe that this method of treatment is dangerous to the life of

+the patient. Dowler (24) reports one case of successfully treated

tetanus in which 20,000 units of antitoxin were given intra-thecal-
ly, and a subseguent examination of the spinal fluid showed no ab-
normalities. However, this is the report of only one case; conse-
quently it cannot be concluded that the intra-thecal avenue is
entirely safe in all cases. Yodh (12) used parzldehyd (2 drachms

in 2 ounces of saline per rectum) as a source of sedation, while
Dowler in his one case used avertin. Most authorities agree that
most any type of sedation is good; provided it is used in sufficient
amounts, and that it does not depress the respiratory center, or
"knock out" the cough refle#es, for so often patients die of an

aspiration pneumonia by regurgiteting stomech contents during a con-
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vulsive seizure.

Firor (25) believes that the barbiturates and avertin both
tend to depress the respiratory center; so he recommends the use
of parzldehyde in oil per rectum or choral. Firor is also much
against the intra-thecal use of antitoxin end the use of magnesium
sulfete as a sedative, for he believes magnesium sulfate is too
painful when given intra-muscularly and patients who are tetanic
should not have such stimuli. Also Firor states that the sub-
cutaneous use of oxygen (set up serobic conditions about the wound)
is of little use. The usual method of treatment amd by the
latter author is to give one initial dose of 50,000 units intra-
muscularly, infiltrate around the wound with 10,000 units, then
one hour after the former two procedures have been done to excise
the wound thoroughly. BEach following day 5,000 units sre given
until symptoms disappear. Seizures are controlled with the sedatives
mentioned above. Normal fluid balance is maintained with a nasal
tube if the patient has trouble swallowing; also an adequate diet
is maintained, and if necessary an artificial respirator may be
used or a tracheotomy may be done.

Apropos of the fact that Yodh has condemmened the use of
avertin Maxison (26) reports eleven cases of tetanus treated with
antitoxin (intra venous and intra muscular) and avertin. Four of
the cagses lived and seven died. I am not by any means inferring
that the seven deaths were due to the avertin; for as Maxison points

out the seven patients that died all succumbed within twenty-four
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hours} therefore they probably did no receive enough avertin to
cause death.

Mitchell (27) Cole (28) Beinheim (29 and Brebner-Smith (30)
have all used avertin in one or more cases, and they all believe
avertin to be an excellent narcotic for use in tetanus. The
average rectal dose was about 100-125 mg. per kilogram given in
three divided doses over a period of twenty-four hours. Cole (28)
and Mitchell (27) both report that epinephrin and carbon dioxide
inhalations both counter-act the respiratory depréssent affect of
avertin. The use that Cole (28) reported was that of an infant
who received a total of 80 basal doses of avertin, and the child
suffered no affect; therefore Cole (28) concludes that avertin
must be of a low toxicity.

Bryent and Fairman (31) and Rarle (32) report on the success-
ful use of ewipen sodium. Earle (32) used_l gram of the drug intra
venously per twenty-four hours for the first three days of treat-
men%; using chloretone (40 grains per rectum) if additional sedation
was needed during the first three days.

Davis (33) in reporting on the use of pentathol sodium states
that this drug is of little value for its action is far too rapid;
however the drug may be of great benefit when it is necessary to
transport the tetanus patient. Naturally this drug is used intra
venously and if the puncture of the needle should set off a con-
vulsive seizure there is great danger of perivenous injection which

may lead to & very severe local reaction.




Farrell (34) reports the successful use, in one case,of
nembutel, 63 grains orally, and 75 grains intra venously were given
over a ten day period (individual doseage was 7.5 grains intra
venously and 4.5 grains orally). .

Peter Paterson of Glasgow, Scotland (36) is a strong advocate
of the use of magnesium sulfate; his usual method was to give 2-
2.5% solution in A0 cc! water sub cutaneously every four hours; by
using the sub cutaneous route Patersonstated there was very little
pain involved from the hypertonic solution. 4 colleague of
Paterson's, Lyoll (35) reported the successful treatment of a tetanic
patient when using 90 cc 's injection of a 3.5 percent solution of
magnesium sulfate every four hours for the first two days, then
using 40-50 cc of a 5 percent solution for a week. As time went
on the dose was gradually reduced.

As seen from the last several reports a great variety of anaes-
thetics have been used, and each author seems to have his favorite,
the favorite depending on the success he has had in using that aneas-
thetic. I do not believe that any one has the right to condemn or
recomme :d a narcotic agent for use in tetanus unless the degree of
tetanus is closely evaluated in each case. Obviously, in the mild
cases of tetanus where little sedation is necessary the toxicity
of a depressant is not so important, but in the severe tetanic cases
where large continuous doses of a depressing drug are necessary the

toxicity of the drug used must be taken into consideration. The
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ideal drug to be used in tetanus is, of‘course, one thaf controls
the convulsive seizures with a minimum amount, yet does not depress
the respiratory center or "knock out" the gag reflex. Most of the
depressants to be had today are not ideal; each depressant has some
drawback. Paraldehyde is rapidly excreted by the respiratory system,
but. gquite a bit must be given for anaesthesia, and often instead
of depressing the patient this drug causes excitement. Avertin is
a much more patent drug than paraldehyde; it is detoxified'in the
liver and excreted by the kidneys, therefore if the liver is not

in gooq condition it is not wise to use this drug, for if it is

not detoxified there may result kidney and liver damage similar

to that caused by chloroform. Magnesium sulfate is painful to the
patient, and there is too long a period for the full effect to be
reached, and then the effect does not last long. The barbiturates
depress the respiratory center. I believe that the best method for
anaesthesia in cases of tetanus is the use of avertin per rectum
augmented by small doses of one of the bérbiturate derivatives, the
latter may be given orallyor rectally; the dose of each of these
would vary according to the seriousness of the cagse. It is best

to use avertin in a solution of amylene hydrate; otherwise there

is severe initation of the rectal mucosa. Intra venous glucose

is also recommended when using avertin in order to aid the liver

in its detoxification of the drug. As I have had no actuasl ex-
perience with avertin, I possibly should not recommend it, but in
reviewing the literature it was quite apparent that the majority

of authors had used or recommended using avertin.
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Freedlander (37) reports a serles of 59 cases with a mortality
of 53 percent from 1927-1939. The last 34 cases treated had the
serum given intra thecally as well as intra venously, and the mor-
tality from this group was 64.4 percent, the first group of 25
patients were treated only by the intra venous method, and the mor-
tality here was only 27 percent. The author comments that three
out of féur patients who received the serum intra thecally died.
Therefore, Freedlander believes that the ﬁse of serum intra thecally
is contra-indicated; also he insists that while his patients re-
celved massive doses of antitoxin, that if there is good wound con-
trol the dose of the antitoxin may be cut down.

Dietrich (14) the bitter foe of the intra thecal route of in-~
jection reports 15 cases in children from 1921-32 with a mortality
of 80 percent and 13 cases from 1933-38 with a mortality of 8 per-
cent. The decrease in mortality, Dietrich expléins, is due to the
change in the method of treatment. During the ﬁeriod of 19él—32
serum was given intra thecally and intra venously, and only a moder-
ate amount of sedation was given;in the latter group (133-38) the
intra thecal route was not used at all, and only one intra venous
injection was used per patient and this injection was given with
epé¢nephrin. All of those patients that died (l§21—32) died 36
hours after treatment was started, with the previously mentioned
"bulbar polioc." Dietrich describes this type of reaction in the
following way: "there is coma, an increased fever, ﬁachycardia,

stertorous and irregular respiration, there is a cessation of tonic
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convulsions, an ashen qomplexion,profuse perspiration, with cold
and:mottled extremities. The cause ofdeath is a cerebral and medul-
lary edema. <Lhe author states that there were four cases in the
latter group who showed this severe bulﬁar reaction, one of the
patients died; the other three patients received hypertonic sucrose
solution, which apparently relieved the edema in the brain and
theraysaved theif lives. In the cases (4) that received only intra
muscular injection there were no reactions and all the patients
lived. Dietrich believes that the "bulbar reaction" is more likely
to occur in children, hence he theorizes phat children may react
differently to horse serum than adults, or that the arachnoid space
in children is too small; the latter point was not enlarged on by
the author. In four cases that had compound fractures, three of
the cases had received'l;500 gnits of antitoxin prophylactically,
but all three of these patients developed tetanus and died; there-
fore Dietrich assumes that 1,500 units is not adequate protection
in cases of severe compound fractures. In spite of Abel's (7)
findings Dietrich maintaines that it is impossible to neutralize
fixed toxin, that only circulating toxin is neutralized, hence the
intra venous route is the best, but it must be used with caution,
and then only once. The remainder of antitoxin should be given
intra muscularly, 10-20,000 units per day for two to four days.
Coinciding with Dietrich's belief that the intra thecal
route should be discarded Speath (38) reports a total difference

of 9 percent in mortality when the intra thecal route was not
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used. Thirty-three patients were treated intra thecally, intra
venously, snd intra muscularly; also thirty-three patients were
treated intra vencusly and intra muscularly. There was noted a
very significant decrease in mortality in the more severe cases
(incubation period of ten days or less) when the intra thecal
route was not used. Speath noted that 21 out of the 45 patients
that had a fever died, while the 21 that had a normal temperature
lived; so he assumes that the - temperature curve is prognostic if
the céuse is knowmn; it is not necessarily the level of the temperature
that 1s prognostic. An increase in the temperature may be due to
infectionghe tatnus is usually more virulent in nature, also a
rise in temperature may be due to intra thecal injections, and the
temperature rise in this case may herald an approaching "bulbar
reaction.™.

Speath is of the opinion that only 2 moderate dose of antitoxin
is necessary, for in a series of 169 cases that he analyzed as mild,
moderate, and severe he found that the amount of antitoxin bore no
relation to the mortality (19). Speath estimates that 35-50,000
units of antitoxin is all that is necessary. The following is a

chart reproduced from Speath's article (19).

24 hrs. Lg nrs, Entire Stay
Recovered Deaths Recovered Deaths Recovered Deaths
No, Dose No. Dose No, Dose No, Dose No, Uose No. Dose
Mild 32 37.7 32 Lg,» 32 91,0

Moderate 26 35,2 g L.k 23 56,1 6 73.5 2€ 119,44 g 103.9

Severe 5 31.2 98 37,0 5 43.2 36 66.2 5 _78.2 98 HH.4
63 35.8 106 37.4 60 50.8 L2 56,8 63 101.7 106 58.1
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Vener and Bower (13) recommend that methenamine be
given elong with anti-toxin becense this drug allows a greater per-
meability of the ¢horoid plexus to serum; by forming formie acid
it acts as an anti-septic; may a2lter colloids in nerve cells; nmay
have some unexplained action on the toxin. The first reason given,
according to the suthor is probably the best,

I velieve it would be of distinct value to report the
method of treatment used by Vener and Bower (13) for they had a
mortallty rate of 19% in 100 cases of adult tetanus. This is an
excellent record, As will be seen later, the treatment makes use
of the cisternal puncture, and becouse e goodly pogition of this
paper has been dedicated to the dwe results obtained by intra-
thecal and cisternal administration of anti-toxim, it probably seems
strange that the technique that ﬂas been condemned should bring such
excellent results; however, it must be remembered that thege 100 cases
were all adults, and as Dietrich (14) brought out, the cisternal
and intra-thegcal routes are much more dangerous in children than
in adults, Also Vener and Bower omitted the cisternal route im-
mediately if there were signs of any reaction. The following is the
technique used by Vener and Bower (13):

1. A complete history, physical examination, and a horse
serun test are given at first.

2. Ten to thirty grains of chloral hydrate, depending on weight
of patient. Pheno barbitol (3-5 grs.) may be given intre-
venously if more sedative is needed. However, it is best
to avold a too deep narcosis, for adverse metabolic changes

may take place.



3, About 2 hours after the ebove, 60,000 units of anti-toxin
is injected intra-muscularly above the wound, 20,000 units
is ziven around the wound., Then the wound is ‘ebrided under
local anzesthesia,

4, Then 3 honurs later 20,000 units is given cisternally by
gravity, serum should be at body tempersture, The next
step ie not undertaken until the rectal temperesture ls
1020F or less.

5. U40,000 units in 300-500 ce. of saline is given intre-
venously, this injection should not take less than one hour
to give, a2nd 3 cc. of epinephrine is given the patient 5
minutes before injection, mid-wey of the injection, and at
the completion of the injection. The author recommends
thet .l cc. of anti-toxin (or horse serum) be put in 9.9 ce.
of saline and given intre-venously, blood pressure read-
ings are then tszken every 5 minuter, if the blood pressure
does not drop 20 points in 20 minutes the patient is not
sensitive to intravenons serum. Serum given intra-venously
should te luke-warm.,

6. Then 2 hours after the above 15 grains of me®henamine is
given intra-venously.

7. One hour later, 20,000 units of serum intra-venously; this
step is not tc be taken if there has been any vrevious
reaction.

8. Twelve hours later 40,000 units intra-muscularly. If it
has teen necessary to omit the intra-venous injection then
give 6C,000 units.

9., Twelve hours later 15 grs. of methenamine is given intra-
venously. This step is carried tvelve hours after each
intra-muscular injection.

A total dose of 200,000 units has now been given in about 36 hours.
Subsequent serum dose:is 1500 units subcutaneously every 4 or 5 days
1f the patient needs it, the patient should not receive more than
230,000 units; however, if subseouent eurgery must be cone continue

1500 units intra-muscularly every 45 days for two weeks after surgery.

If the patient shouléd prove sensitive %o horse serum, the patient is
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desensitized, and two intra-muscular injeections of 200,000 units
each are gziven, the intra-venous and cisternal routes are omitted.

This, in short, is the techniaue that Vener and Bower used
in getting such an excellent mortality rate; the author insiste that
excellent general treatment is essential to saving life. Petientls
position should be chenged frecvently, if convulsions can be avolded,
to prevent fneumonia; also oral hygiene should be maintained for
very often einusitls develops if mouth is not kept clean and pa-
tient is under deep sedation. ‘Vener ond Power intimate that a
nurse who hes had experience with tetsnus ceses is as valusble as
the anti-toxin,

Tetanus, like most of the other ills of man hes at one
time of another been trested with sne of the sulfonamide products
with verying success. Penrod and Knoll (39) in their report of a
death from tetanus trested with sulfamilamide and anti-toxin state
that Osgood and Powell (193%8) could not demonstrate any effect of
the sulfonamides on one m.l.d. in guinea pigs. Shearp (1939) Te-
vorted five consecutive recoveries when treated with sulfonamides,
Blouton (1979) reported one case recovered when treated with sulfa-
pyradine., Lemere and Arnason (#Q)report a recurrent attack of
tetanus thet eccurred 18 days after dismigsal from hospital was
cured with szosulfamide. The suthor of tiils latter =rticle in-
ferred that the foci was not obliterated during the first treat-
ment, hence more toxin was put out, and thot the azosulfamide ob;
literated the foci, The second sttack was completely aborted in

five days time.
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There certainly has anot been enougn cliniecal weork done
with the su¥onamide products in tetanus to warrant any general
conclusions at this time,

Heersema (41) reports a case wherein a oatient had re-
ceived 100,000 units of serum with adecuate sedation; yet the pe~
tient was not getting any better s> it wss thomgat that if the pa-
tient could be given heat treatments the heat might act as a
catalyst and increase the velocity in nevtralizing the toxin., A
total of twelve 1eat treatments were given to this patient, and
with each trestment the symptoms were greatly sllevisted. The pa-~
tient became progressively better and was finelly dismissed the
tventy-fiftp day. W-ile theme heat treatments were being given,
it was uoted that there was blood in the patient's stools; the
only way this could be accounted for was that the increased heat
caused a more rapid combination of vitamin C with the toxin (all
infectious diseases cause a low vitamin C) and because of tais de-
ficiency thers wvas some bleeding from the bowel; tiis of course is
entirely theoreticel, I do not believe thet neat treatments should
be & part of the routine treatments of tetsnus, but if a tetenus
case is not responding t» the usual trestment, zhen I believe the
use of heat is justified.

I have neglected to mention tetanuns neo-natorum, because
fortunately it is very rare in this country, When it does occur

it carries a 90-95% mortality. The location of the infection is

usuelly in the umbilicel stump. Mowsky (42) reports the successful
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treatment of a case of tetanus neo-natorum with 10,000 units of
serum intra-musculerly every day for ten days. Nembutal 3/4 grain
every three hours was used for sedation. There were no convulsions
after the fourth day of trestment, the patient was dismissed on the
fourteenth day.

Mitchell (43) reports one case successfully treated with
curarine and anti-toxin., The curarine was given sub-cutaneously,
the doseage beginning a&t%.l mg. every four hours, gradually in-
creasing Gose until it reeched 5 mg every four hours. In this case
it wes not necessary to use artificial respiration. West (43) re-
ports 10 cases that were trested with curarine in which 9 of the
cases died. West states that those patients that received the
curarine intra~venously showed the best improvement; most of these
ceses had incubation periods of under seven days; consecuently, they
were all virulent types of tetanus; however, these patients lived
longer than exvected when given intra-venous curarine., However,
West believes that cirarine is a dangerous drug because of the
"respirstory spasm® thet may be produced. Isacson and Swenson
(45) ettempted to treat a case of tetanus with intra-venous and
intra-muscular curare, LNinety milligrams were given intra-venously
over a period of about 3 hours, forty milligrams were given intra-
muscularly. The patient became completely relaxed, an artificial
respiration was used; however, the relaxation was not maintained
long enough, and the patient had a severe convulsion when an at-
tempt wes made to enter & veln, he developed an aspiration pneu~

monia and died.



There i¢ no doubt in my mind thzt car are wmld be of
great beneflt in tetanus, but curare is very difficult to stan-
derdize, hence the toxic dose is very hard to determine, and ar-
tificial respirators esre not always conveniently hendy; so while
curare mav be of some value, it is not »ractical as yet.

One of the most difficult situations that must be met
in the treatment of tetanus is the treatment of the serum sensi-
tive patient. Schaeffer and Mevers (46) using a new despicated
anti serum made by Perke Davis successfully trented a patient who
was very sensitive to horse serum; developed a severe asthme when
only .,lec. of horse serum was given intra-cutaneously. This new
serum wes given .1 cc. sub-cutaneously, and the dose was gradually
worked up to 10 cc. (undiluted) intravenously over a period of
twenty-four hours, Thereafter, the patient was given 10 ce.

.
(undiluted) intra-venously every twelve hours until 1400 ce. of
serum had been given. The only reaction was an occasional slight
chill, but one month later o mild urticaria developed. One year
later this same patient was gkin 'tested with this new serum, and
he showed a wheal of 1.2 cm. with an ares of erytheﬁa 3.0 cm. The
0ld tyne of serum showed a wheal of 1.8 cm. with an area of erythema
6.0 cm.

This new type of serum is made by Parke Davis. The anti-
toxin is diluted with distilled water containing phenol; this so-
lution is buffered to a Ph of 3.8 after which the diastase is

added, This mizturé is then incubated at 37° C. Filter the



solution, adjust Ph to 7, the anti-toxic globulin is salted out,

the precipitated globulin is dialyzed, then diluted until the de-
sired percentage of nitrogen is present. The anti-toxin is then
mede iso-tonic, and filterediagain.

Apparently this diéestive method is of some value in pre-
venting serum reactions; howéver, its true value cannot be estimated
until the results of itsmsse are reported in several hundred cases.

The successful tre%tment of tetanus depends upon thé
ebility of the clinician to evaluate the degree of tetanus present
at the time he sees the pati%nt, and the length of the incubation
period should de ascertaineq, if possible; by knowing theme two
thingsy-the intensity of the treatment and the prognosis is de-

|
termined.

f

Before instituting treatment with anti-tetanic serum
skin tests with horse serum 'should be done. And if it is neces-
sary to give'anti-serum int#a-venously it should be done cautiously
preceding the injection Witﬁ epinephrine.

It is my conclusi%n that the safest way to give anti-toxin
is intra-musculerly. If thé degree of tetanus is only slight then
I believe it is best to givé only one injectlon intra-venously, the
remainder of the serum sﬁou#d be given intra-muscularly. In the
more severe type of tetanus it is necessary to give intra-venous
injections more than once, $ut I 30 not believe the intra-venous

|

method should be used more #han once in a twelve-hour period, the

serum should be given very élowly.
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The intra-thecal method should not be used, particulerly
in children, If it is used at all, cne injection is all that I
think should be given, and the amount should not be over 10,000
units.

It is my belief that amti-toxin should be given until
the symptoms and signs of tetanus have disappeared. For it is im-
possible to tell when the focl of the toxin is obliterated, and it
may be true theat fixed toxin is neutralized by azdequate amounts of
anti-toxin, whether thies last statement is true, I do not know, but
there is enough experimental evidence in its favor that would cause
me to be conscious stricken if I did not attempt to neutralize the
fixed toxin.

The importance of sedation cannot be over emphasized.
The sedatives should not "knock out" the cough reflex or respire-
tory center. I have chosen anertin (rectally) augmented by oral
(if possible) doses of one of the barbiturates, the latter to be
in rether small doses.

The patient should be attended, preferably by nurses who
have had experience with tetanus patients and there should be a
nurse in attendance dav and night, “bsolute guiet is essential.
The patient should not be disturbed $ore than necessary. Adequate
fluid inteke should be maintsined. Feeding the patient is not too
important; a tetanus victim does not die of starvation; however a
light diet should be maintained.

If there is no response to the usual trestment of tetanus,
the prognosis is bad. However, the use of heat treatments or curare'

may bring on a favorable outcome, at least they would be worth trying,.
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IMMUNOLOGY IN TETANUS

While there is still a variety of opinions as to the
best method of active treatment in tetanus; everyone is agreed
that active immunization has proven itself the deciding factor in
the elimin=ticn of tetanus.

Jorden and Halperin (47) in their article of Msrch 1941
gstate thet the attempt to immunize actively ageinst tetenus pro-
bably came out of a similar effort put forth ageinet diphtheria
by Ramon, Paris; Glenny and Hopkina, London; and Park, New York;
who began by tresting diphtheria toxin with formaldehyde. This
work was bzsed on the fundamental work of Salkowski (1896) and by
Lowenstein and von Eisler, who found that formaldehyde treated
toxing lost their toxicity but retained their anti-genic proper-
ties., It was in 1924 thst Ramon prepared a tetanus toxoid with
formaldehyde and heat; one year later he collaborated with Descombey
and prepared fatel doses of toxin in such a manner that five to
ten cubic centimeters of the toxin would not cause symptoms. At
the present time Jordan and Halperin recommend Campbell's method
of preparing toxoid, which is as follows: Orgenisma are harvested
on Witte's peptone broth for about 5-14 days; toxin is obtained from
a filtrete of the culture and the lethal dose is determined. The
filtrate is then put through pulp paper filters and Berkfeld N
candles; next a 3% formaelin solution is added, and the mixture is

incubated 2t 379C for three weeks. The substance is regarded as
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s complete toxoid when 5 cc. in a guinea plg produces no symptoms,
this means that the animal must be kept under observation for three
weeks, When the toxoid is ready for use, it is agein put tarough
Rerkfeld N candles and submitted to sterility tests. Glenny, Pope,
Waddington, and Wellace (1926) found that the anti-genic property
of the toxoid was greatly increased when the toxoid was precipitated
with .l—l% potassium elum, and at the present time as high as 2%
alum is used. In determining the amount of alum needed, various
smounts of alum are added to fixed gquantities of the toxoid, the
supernatent fluid of each quantity is then tested for tokoid, and
by this method the smallest amount of alum needed to precipitate
out the toxcid completely is determined. The correct proportion
of alum necessery is then added to the bulk of the toxoid, and it
is ellowed to stand over night. The precipitate is then washed
with 2 sterile solution of sodium chloride or sodium phosphate and
an anti-septic is added. This alum precipitated toxoid is reported
by Hayden and Hzll (1938) as being thermosteble; hence, it can be
carried by the srmed forces in the field., It is of interest to
note that Ramon renorts thet the anti-genic value of toxoid may be
greatly enhanced by adding tapieca to the toxoid.

Does one attack of tetanus give a complete immunity?
Vener ané Bower gus) report thd there have been reported only about
h cases of tetanus developing in patients who have previcusly had
tetanus, and these two men add a case to thls list in which tetanus
developed in a patient three and one-half years after the first attack,

The authors believe that three and one-half years is long enough to
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insure the fact that tis was not 2 recurring sttack of tetanus.

In view of this one cese and the five oihers mentioned, one cannot
stete that an abgolute i=munity is conferred on the tetanus victim,
but recurrences sre so rare, that it must be assumed that at least
some immunity results from an attack of tetanus.

Haturally before tetanus toxold was used on humans a
great manv animal experiments were cerried sut. Among them some
excellent work was done by Otten and Hennemann (49), these men at-
tempted to determine the effect of giving toxoid end tetanus serun
together. The exveriment was carried out on guinea wigs; one cubic
centimeter of 2 1:10 dilution of toxoid and 50 units of tetanie
serum were used. These two were givern at various time intervals
and together; and the anti-toxin levels were determined in the
blood. The reason such an experiment was cerried on is that it
takes about four to six weeks for a sufficiently high anti-toxin
titer to develop when only toxold is used, so in order to bridge
that gep it was thought that serum snhould be given. However, Otten
and Hennemann showed that the serum in the blood stream tends to
reduce and retard the active response to toxoid, also when the two
were combined the anti-toxin in bdlood stream wes lower than if just
either the toxoid or cerum wes used z2lone. This so-called inhibi-
tive action is believed to be due to the anti-toxin itself =as
well as the horse serum, the former is probably the most important
factor although the exact reactior has mnever been determined.

While this sc~called active~paseive type of immunizetion



is not used in this countrr, Femon (62) in France belisves that
the serum should be giver st the same time e2s the first injection
of toxold to create a passive immunity while the active immunity
is being built up. The technigue involvees giving 150,000 units
of anti-toxin wit:s the first dose of 2 cc. of toxoid (plain) then
the toxoid is increased by 2 cec. every 6 days until tnree injections
heve been given. In this mamner Ramon says he created 2 pasreive
immunity immediately followed by an active immunity. XRamon recom-
mendes that a booster dogse be given once ¢ vear of 2 cc. of toxoid,
Zuger, Greenwald, and Gerber (50) conducted experiments
on guinea pigs in order to prove their contention that in a actively
immunized animal an infection with tetanus snoregwill incresse the
anti-genic titer of the blood. Guinea pics were actively immunized
with the tetanus toxoid, then given tetanus spores. Subsequent
titrations of blood showed thet con the seventh cay after the spores
were given o smell rise in titer was noted, particulerly in those
guinea pigs that showed no symptoms or in those guinea pigs that
eventually got well, A grerter rise in titer was noted on the
eighth to tenth day. If toxin wage siven instead of the spores,
there was 2 definite rise in titer by the 4-5 day. There is no
evidence thot the rise in titer influences the clinicel course of
the disease in any way. In general the animals that were going to
die showed no choange in ti:er by the sixth dey, while those animals
thet were going to live showed an increase in titer by the thir-
teenth day.

In an attempt to develop a toxoid with a higher antigenic



value, Penfold, Toehurst, and Wilson (51) believed that this could
be done by concentrating the toxin that the toxoid wes made from.
‘his was done by adding ?5% solid sodium chloride, then adding a
2% solution of glacial acetic scid. Mixture is then left stond-
ing for 16-18 hours at room tempersture, The resvlting precipi-
tate is centrifuged or filtered. The total yield from the toxoid
is sbout 50%. It was olsn thought thet this concentrating process
would remove the hemolysins from the toxins, and by titrating with
sheep red blood cells, it was proven that the hemolyesins were de-
stroyed if tryptic broth was nsed as a diluent; the hemolysias
were not destroyed if saline was used as a diluent., The method
used in determining if the hemolysins were oresent was to inject
the concentrated toxin in guinea nigs and then watch for a haemo-
globinuria. t was also determined that this concentrated process
eliminated & necrotizing toxin. This was proven by injecting crude
toxin and concentrated toxin into the abdominal wall of the guinea
pig and then making a microscopic examination. While it wes true
that some of the toxic properties were removed by concentrating the
toxin,the anti genic quality of the resulting toxoid was not en-
hanced by concentrating the toxin one bit. The toxcid made from
the coacentrated toxin was used to immunize guinea pigs and cats,
end it wag found that these enimals could rot withstand eny more
lethal doses of tetanus toxin than those gulnea pigs and cets that
were immunized with the crude toxoid,

When it was finally proven by animel experiments that



tetanus toxoid had little, if sny, toxic properties as compared
to the tetanus anti-serum; the technique of immunizing was worked
out by using various procedures in large groups of people, then
deternining their blood titers at various intervals,

In 1935, Sneath and Kerslake (52) immunized twenty-seven
persons by giving three doses of the plain toxoid, one cubic centi-
meter per dose at two week intervals. One year after the firgt in-
jection, the blood titers varied from .5 to .00l units of antigen.
A secondary stimalus of the plain toxoid given at the time of the
titration boosted the titers up to .1 to 5 units in seven days time,
It must be remembered that Sneath and Kersloke (52) were using the
plain toxoid; the alum precipitated toxoid would have given higher
titers as will be shown later,

In another series of 12 persons, who‘were immunized by
Sneath end Kerslgke (53) in the same manner mentioned before, showed
by blood titrations et the end of two years time that the titer
levels varied from .1-,001, which were the ssme as the levels at the
end of one year. A booster shot of 1 cc. of toxoild at this time
(2 years) reaised all of the blood levels from .1 to 10 units within
seven days.

The United States Navy was the first large organization’
in this country to begin mass immunization with tetanus toxoid
(plain). Hall (86) completely immunized 47 men, snd 31 out of

thie group received a "booster dose." The primary doses were 2

injections of 1 cc. eech; some were given at four week intervals,
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others were given at & week intervals., Titrations done four weevs
after the first injection averaged .025 units; after an 8-week
interval the average titer was .055~-.1 units. Conseaquently, it
was concluded that the longer the interval hetween the twe pri-
mery injections, the higher the titer. "Booster doses" given
sbout 1 year after the prinsry immunization revealed that the
average titer was 2,5-50 units., Yo matter what the interval be-

tween the primary injections, the "booster dose"

alweys geve a
substantial "jump" in the blood titer.

In June 1941, McBryde (54) immunized G4 colored children
with 2 injections of plain toxoid, lce. at each injection 73 days
apart. Fortr-five days after the first injection, 75 of the
children had blood titers that averaged ,0l-.l. Tairteen had
more than .1l units, two had .25 units. One hundred twenty-seven
daye 2fter the first injection, all of the blood titers aversged
between .1 and 5.

Gold (55) in attempting to escertein if it was necessary
to use 1 cc. of plain toxoid a2t each injection; immunized 16 per-
sons with twe injections of .Hce. at <2 day intervals, also he
immunized 18 persons with two injections of 1 cc. at a 52 day
interval, 3Blocd titretions teken after first and second injec-
tidn showed that tose who received the 1 cc. injectinn had the
nighest titers., As will be seen later, when the new alum precipi-
tated toxoid is used, a .HBecc. injection is as adequate as the 1 cec.

injection,
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Gold (56) began using the new alum precipitated toxoid
in 1936, PFifty adults were immunized with two .5 cc. injections
at 645 day intervals., When the second injection was given, two
vears after the first injection, a titer of .1 unit per cubic
centimeter developed in 5-14 days. The duration of this protec-
tive level (,1 unit/cc) varies according to Gold, from 90 days to
2 years., If a "booster dose" is given the so-called protective
level is not reached for shout 5-7 days. (The protective level of
anti-toxin is not just an arbitrary figure because Cowles (57)
working with gulinea pigs showed that a blood level of .1 unit
per cc., was sufficient to protect the guinea pig from infection;
also Cowles showéd that 1500 units injected into man gave a dlood
titer of never bélow .1 units; consequently 1500 units became the
ususl prophylactic dose of anti-toxin.) Gold (56) also showed that
the protective level that is reached after the "booster dose" lasts
from 3-6 months.,

In 1939 Gold (53) thought thst perhaps he could get higher
blood titer if he mixed the plain and alum precipitated toxoids
together, so he immunized 32 individuals in the following manner:

A, 12 persons- 3 injections of plain toxoid 1 cc. 1 month intervels
B, 12 persons- 3 injections plain and alum toxoid 1 cc. 1L month‘

intervals
C. 8 persons— 2 injections alum toxoid 146 days apart

In C, one-half got .5 cc., other one-half received 1 cc.

In titrating the serum of the sbove various groups, Gold found that

when the alum toxcid was used above, the titere were higher after



the first and second injections. Gold also maintains that this
experiment snows that the longer the interval between the first
and second injection, the higher the blood titer,

In Februery of 1940, Gold (59) titrated the blood of
thirty-four percons after tuey had received their "booster doses,”
The interval after the last injection of the primary immunization
series varied from 272 tc 359 days. All of these persons were
titrated before their "booster dose" end 211 but two persons
showed less than .1 unit per ce. It wae found, as stated pre-
viously, thst it took 5-7 days to ralse the titer to a protective
level after the "booster dese." In seven of these persons, the
titer was increased fifty times the level before the “booster
dose." Fourteen showed a blood level of ,1 unit eighteen months
after "booster cose", while sixteen showed less than ,1 unit.

In order to et around the inconvenience of having to
inject the "booster doses", Gold (60) developed a toxoid topagen
that could be placed in the nose, One tenth of a cubic centimeter
of topagen placed in each nostril on 3 successive days will reise
the titer in the blood from below .1l unit to .1 znd above withwv
7-9 days, where this titer will remain for several months. It
wes found in experimental work done on 145 persons, that if this
nasal procedure was carried out every six months an adequate pro-
tective level wes maintained, %hen this nasal tovagen was sub-

stituted for the injection procedure in the primary immunization,

it wes not successful. However, Gold recommends this nasal topagen



for the "booster dose", for it recuires no syringe, hence it can
be done by the person himself in the home or on the battlefield.
Also when the nasal route is used, there is very little reaction
--only some burning in the nose and a bad taste in the mouth for
a little while,

Bergey, Brown and Etris (61) believe that children have
a2 tendency to develop higher titers than adults because of the
following experiment:

30 persons between 18 and 20 years
1 cc. alum toxoid, 90 days later showed .001-,04 units

1l cc. alum toxoid, 90 days after lst injection;, ;1-9 units/ce
30 days later.

44 persons between 30 and 50 years
1 cc. alum toxoid, 90 days later titer was ,0005-,01 units

1 cc. alum toxoid, 90 days after last injection, .OL-U units
15 days later

Ag seen in the above, not only does the older person develop a lower
blood titer then the younger person, but the titer "falls off"
faster in the older age group. Consequently, these authors con-
clude thst it mey be necessary to give the primary immunization
injections in 3 doses to the older group. Bergey, Brown and Etris
(61) vy experimenting with guinea pigs showed that the protective
value of the toxoid is not all in the humors of the body, be-

cause in a guiﬁea pig with a blood titer of .2 units/cc. this

guinea pig should neutralize 6000 lethal doses of toxin; however,
a guinea pig with such a titer can withstand 15,000 lethal doees
of toxin; so it is concluded that the non-circulating immunity is

1 1/2 times as great as the circulatihg immunity,
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Marvell and Parish (63) immunized the entire personnel

staff at the Wellcome Qaboratories in England, =nd from their
titrational findings t#ey concluded that perhaps there is some
sex differences in the response to the toxoid. The method used
was to give three injections of 1 cc., 2 ce., 3 cc. at 2 or 3
week intervals, followed by a booster dogsé of 2 cc. at the end of
one year. Their findings agreed with other investigators that

it tekes at least two primary injections to get a protective
titer, and that 2 "booster dose" is necessary at least once a
year to keep the protective level, But it wes noted in titrationms
done efter the primary immunization that twenty-one males out of
thirty-two had titers of .2 units or below, and eleven had titers
sbove .2 units. Six females out of twenty-nine had titers of .2
units or below, while twenty-three had titers above .2 units,
These figures are significant, for when the Yates correction factor
is worked out, P is less than ,00l. Marvell and Parish also point
out that according to the 1927 statistics, 105 boys died of
tetanus as compsred to the 57 girls that died. All of these
deaths occurred between the ages of 1 week and 1 vear. Also in
the age group of 1 week to 1 year from 1901-9, 25 boys died as
compared to 4 girls. Since there is no appreciable difference

in risk between the ages of 1 week and 1 yvear, there evidently

is a greater in-born immunity to tetanus in the female., In this
group immunized by Marvell and Parish (63), there were several

persons who spent most of their time working around horses, it
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wee contended that these nersons were constantly in greater con-
tect with the Clostridium tetarni than anr one else; yet their
titers wvere no higher than those who did not wnrk around horses,

At the nresent time tetanus toxoid is combined with
diphtheria toxoid. Some authorities telieve that the combination
of the two toxoids give a resulting higher titer than if either
were used alone, while other investigators disagree. However, it
is agreed among all those who have studied the subject that the
diphtheria and tetanus toxoids do not inhidbit each other.

Jones and Moss (64) immunizéd forty-one medical students
by injecting two .5 cc. doses of combined tetanus and diphtheria
toxoids at one month intervels, with the excepticn of 6 students
who received only .25 cc. on second injection because they hed
shownn an allergic reaction to the first injection; the authors
believed that the allergic reactions were due to the nrotein ina
the diphtheria toxoid. One month after the primary immunigation
the blood titers varied from 1/2-1/60 of a unit, and interestingly
enough only one of the students thst received .25 cec. of toxoid on
record injection showed a titer of 1/60 unit. Two months after the
primary injection the blood titers varied from 1/1C to 5. Those
that hed received the .25 cec, of toxoid--two had .1 units/ce, two
had .2 units/cec, while one had 5 units/cc. From these figures, the
author assumed that perhaps those that are sensitive to the toxoid
may develop a higher titer; or perhaps it 1s possible thet it is

not necessary to give .5 cc; perhaps a smaller dose would be just



ag valuable., Jones end Moss state in tuls article that they be-
lieve that the combined toxoids tend to give a higher titer than

if either one i¢ used ~lone; however, these authors present no
evidence for their belief. In another article by Jones rnd liose (65)
they intimate that the medical students just mentioned would have
had higher blood titers if t.e interval between the first two in-
jections was two to three months instead of the one month.

Biger and Werner (66) immunized 240 infants and ¢ ildren
against tetanus, using various methods, and they found thrt the
best method was Z injections of .5 cec. eaéh everv turee months, as
compared to giving 2 injections of 1 ce. everr three onths. 3By
neing the former method, the average titer three months after the
primery immunization is no lower than .5 units, and the average
titer steys nigher for a period of six months then if the latter
method was used. However, by the end of a year, no metter whet
method of primery immunization was used, the everage titer is the
seme, and as steted before the "booster dose" raises the titer to
o protective level no matter what the methed of primsry immuniza-
tion but the high titer obtained after the booster dose will remain
longer if the primerv intervel is longer. Biger and Werner (66)
tried intre dermal immunizetion on thirty~five out of the group
of 240, dbut it was not successful.

In concluding this section of my peper, I believe that
Von Canon's composite table of the titrational statistics of

Sacauepse, Bergey, Sneath, licBryde, Jones, Mcss, and Gold (all



who have been mentioned in this peper) gives an excellent review
as to the comparison of s2lum and plain toxoid, the doseage of

toxoid, ond the interval between injectionsi

Time of Titration After

Titers Primery Immunization Plain Toxoid Alum Toxoid
.01l unit or shove 1-2 months g6% 100%
o1 " e € months 96% 95%
A1 ! oo 1-2 months 67% 97%
.1 " eeon 6 montﬁs 53% 37%
25 " " " 1.2 months 12% 72%
L2o5 ! e 6 months 4% 6%
Doses

Alum Toxoid ,5-2 cc. in 2 injections 1 month to & weeks apart

Plain Toxoid 2.5-4.Bce. in 3 injections, average once a month

Generally speaking, the use of tetanus toxoid causes very

little or no allergic reaction.

Biger and Werner (66) report that

there is usually a little stinging and burning over the injected

area; may he a lump present for severesl days.

Also a mild malaise

with fever isg not uncommon, lasting only about twenty-four hours.,

Urticarial rashes are onite rare, and when they dn occur, they

readily respond to epinephrine.

There should be no hesitancy to immunize a2llerzic children,

for Gold (€8) successfully immunized a large number of allergic

children to tetsnus, znd he found thet the average titer in these

allergic children wage no higher then in those who were not allergic.



59.

Gold maintains in thie article that if some reaction does develop

it is probably due to some impurity in the toxoid, For example,
Parish and Oakley (£9) reported a case of znaphylaxis resulting

from the second injection of tetanus toxoid; however, subsequent
intra-dermal tests‘done on the patient after being treated with
epinephrin showed thet the element at fault was Witte's peptone,

the media which the Clostridium tetani was cultured from. Whitting-
ham (70) reports 2 ceses of anaphylaxis from tetanus toxoid out of
61,402 immunizations, and these two cases were later proved to be
sensitive to Witte's peptone broth,

Cooke, Hempton and “haw (71) report four out of twenty-five
cases wherein the first injection gave an allergic reaction (hives).
These three men carried out extensive intre-dermal tests on these
four patients with all of the various components that meke up the
tetanus toxold, and they found that the primary and secondary pro-
tecses that are found in the verious‘peptone broths were to blame,
Consequently, it wes recommended that scratch tests should be done
before each injection, and if possible some wey should be perfected
wherein the media could be purified.

Hall (72) of the United “tates Navy reports that in 1938
twenty-three hundred men were immunized at the United States Naval
Academy; after the first injection & men reported very sore arms,

5 had fever end mzlaise, After the second injection (given to 1800
men), 38 had sore arms, 7 hed fever and malaise, 4 had urticaria,

and there was one anaphylactic shock. On examination of the
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toxoid that was used, there wes found to be a large quantity of pro-
tein present, as determined by the nitrogen present and the various
protein tests. Leter another brand of toxoid was used and 7S3 men
were successfully imminized, and there was only one case of fever
end malalce,

Drowing my conclusions from the variety of facts and
figures presented in this section of my paper, I am convinced that
the present method of immunization against tetanus is of real value,
but I do not think one should feel too safe merely because a person
has been immunired, for the degree of ;ntigenic titer in the human
organism depends upon the inherent ability of that organism to manu-
facture anti-toxin, end in the msjority of the titrational experi-
ments mentioned there was usvally one individual who did not respond
at all to the toxoid, however this type of individual is much too
rare to affect the general use of toxoid. Nevertheless, there are
some investigators who recommend thet an immunized person should
have tetenus serum as well as a booster dose when they suffer some
severe traumatic injury.

One-tenth unit of antitoxin per cubic centimeter has been
set as the minimsl protective titer (based on Cowlds work (57) but
I do not believe such an arbitrary stendard should be set; for as
Cowle stated himself, it is impossible to determine how much toxin
is 1ikely to be liberated in a single case of tetanus, therefore,
the higher the anti-toxin titer in the bloocd streem the better,

It is my contention that 211 children should be
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lmmunized ageinst tetsnus; preferably before they reach the more
sctive stetes of childhood. In vroducing the primary immunization,
the alum precipitated tomoid should be used, anc the interwal between
the first and second dose should not be shorter than s=ix weeks, This
time interval ies importsnt for it is during this time that the cells
in the reticulo endotheliezl system esre building up a sensitivity to
the toxeid so they will be sble to vnroduce arti-toxin when they are
again stimulated or "boosted" by another injection of the toxoid.

It is only theoretical that it is the reticulo endothelial cells

that are responsible for the production of anti-toxin; perhaps all

of the body tissues =2re capable of responding to the toxoid. The
dose of the slum precipitated toxoid varies between .5 end 1 cc;

best results were obtsined when .5 cc was given sub-cutaneously

for three injections spaced at three month intervals., It is ab~-
solutely necesscry to give 2 booster dose of .B-1 cc of toxoid to
most persons at least once a year. In children I believe that

Gold's topagen intra-nasally every 6 months is an exceilent way

of keeping the titer at a protective level,

In cases of injury where there is danger of tetanus,
anti—tetanus gerum should be given to everyr one who has not com—
pleted hig primary injections for immunization, and if the injury
is such that tetanus is more then likely to occur 1l believe that
tetanus serum should be given, even if the person is immunized,

elong with the usual booster dose,



i
1=
R=)
|3
1<

VARIOUS REACTIONS RESULTING FROM

— o g m— - a— - —— o — —— a— — — — — o — — — — — o —— —
— e e e o e e e e —— - — - —— e — — e e . ame o . vas -

— — — - o — e — - - - —

— e = . e pae e - — o - w m—. G- - e—e e — e - o—



630

VARIOUS RFACTIONS RESULTING FROM PROPHYLACTIC SFRUM INJECTIONS,
INCLUDING A RFPORT ON 369 PROPHYLACTIC INJECTIONS OF TETANUS ANTI SERUM

The usual prophylactic procedure in preventing tetanus is
to inject subcutaneously 1500 units of tetanus anti-toxin., With the
present day highly-purified anti-toxin this procedure is relatively
safe, but in some instances there will be reactions in spite of
negative skin tests.

Lyell and Murdick (7}) in reviewing one thousand cases
that had received 1500 units of anti-toxin found that 15.2% de~
veloped a generalized serum reaction, and that only 3.5% of this
group developed within 24 hours. Only 1/4 of the serum reaction
could be counted asvsevere, that is,‘there i malaise, fever,
urticarie, and very sore arms. There were oni} two cases that
showed alarming reactions, that is some ilmpairment of respiratory
function. Twelve and one-half percent of the group had Qinor lo~-
calized reactions around the site of injection. It was noted that
the incidence of resctions tended to drop when the potency of the
serum wes increased and the protein content decreased. Repurifi-
cation of the serum seemed to have little effect on decreasing the
number of reactions,

Newell end McVea (74) in reporting 500 injections of pro-
phylactic tetanus serum stated that 92 patients had had tetanus
serum before end that 9 of these patients recalled having had some
Vreaction. The skin tests on these 92 patients showed thet 55 were
positive and 37 were negative; therefore obviously not every one

who receiveg horse serum becomes sensitive to the serum at least



el,

the sensitivity does not iest or the intra-dermal skin tesf dnes
not always show positive in a serum sensitive patient, In this
series of 500 ceses only B9 showed some sort of a reaction, local
or general, and 30% of the H9 hsad previously received horse serum
in some form., There was cnlv cne cese of anaphylactic shock in
the whole group of 500. Fifty-one developed = delayed local reac-
tion, 22 developed a delayved genersl reaction. For the most p=srt,
the reasction consisted of red, swollen, sore arm, and in some cases
an essociated adenitis. Four percent (22) developed a true serum
sickmess with urticaria on the fifth to eight day after the injec~
tion; only two of the cases of serum sickness wvere severe, with
edema of face,eyelids, extremities, end loss of weight., The serum
sickness cases were successfully treated with sedation, baths,
ephedrine, epinephrine, phenolated celamine lotion. From the dats
collected from thege HOO cases the authors conclude that a reaction
from horse serum ig most likely to occur in those who have fommerly:
(1) received therepeutic serum, (2) asthmatic patients, (3) formerly
received prophylactic tetenus serum, (4) those who recall a reaction
from horse serum. Several different brands of tetanus anti-toxin
were used, and it wes found that not one brsnd couléd be blamed for
all of the reactions; therefore, it was assumed that it is the in-
dividual alone who is responsible for the reaction.

The layman who hes received tetanus anti-toxin is likely
to blame 211 of his subseguent ills on the injection; usuelly his

claims sre unfounded. But in 1937 Rhodes (75) reported a cese of
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hemeturia resulting from an injection of tetanus anti-serum, The
person involved was 2 male, 2?1 years old; 2 days after he received
1500 unite of anti-toxin he noticed bright red blood in his urine.
Cystoscopic examination showed thet the blood came only from the
right ureter. There were no other systemic findings, no symptoms, and
no history of allergy. All tests for tuberculosis were negative,
In one week's time, the urine was absolutely clear; the hematuria
has never returned 2nd the patient was in perfectly good health
one year later. The author believes that the hematuria was due

to a right renal allergy. This assumption is certainly debatable,
but since no other cause could be located, and since the hematuria
stopped so suddenly the author believes that renal sensitivity to
the horse serum was responsible, There have been no cases of this
gort rerorted in this country; however, the autnior mentions a few
cases have been reported in foreign literature. I bring tnis case
into my thesis merely as an oddity, and to illustrate that anti-
tetanus serum often acts in strange and unaccountable ways,

A reaction from tetamis anti-toxin that used to be con-~
sidered rare is neuritis, More and more cases of neuritis from
serum therapy are appearing in the literature. The usual location
of the neuritis is in the brachlal plexus; however, it can occur
elsewhere. Cutter (76) in 1936 reported the first case of audi-
tory nerve involvement from tetanus serum. This patient had re-
ceived 2 total of 125,000 units intra-muscularly, intra-venously,

and intro~thecally for an active case of tetanus. About eight days
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after receiving ali this serun, he noticed that he began to lose
nis hearing, develoned ¢ generelired vrach, stiff neck, and he be-
care irrationnl. It was Found thot 61% nf his hesring was gone in
the right ear, and 69% was gone in the left ear. Two months later
he had onlyr a 9ﬁ nearing loss in right ear, »nd a 21% hearing loss
in the left ear., MacCready (77) later reported = patient who had
receilved 3000 units of tetanus snti-toxin prophylactically; 10 davs
cfter the injrction the patient develoned a serum eickness, with
vertigo snd fever. Four drvs later » 45% hesring lnss developed
in both errs; also there wrs 2 definite vestibular impairment, as
the czloric tests were negotive. The patient had not shown any
signs of improvement over the last year (1938), MacCresdy seys in
his srticle thet only two other cases of eighth nerve involvement
have been reported, but beth of these cases involved the treatment
of tetenus.

NWeffson (78) revorts the case of a patient who hed received
1500 units of anti-toxin prophylectica.ly, 2nd three days later de-
veloned a3 urticariz and pain in joints., Also at this time the left
vocel cord becrme wvarelyzed; there wes ¢ loss of l1eft laryngeal sensa-
tion, the left pupil tecame dileted, there was a paresis of the right
face, and there was a left positive Babinski. Neffson believes thet
the ceuse of this laryngesl paralvsis was due to a reection in the
nucleus ambiguous., No other cases of this sort have been reported
in taie country; however, the French have reported three such cases
and the Germans one,

The latter ceses of auditory and laryngesl involvement
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are, like the hematurie case, very rare complications, but neuritis
of the fecial and peripheral nerves are not es uncommon, Kamman
that followed o case of serum sickness, but recovered in € months.
The suthors state thrt uswelly this type of reaction ies usually
motor in nature, but may be sensory with twitchings ond impairment
of vesgicle and rectal function. The polvneuritis generazlly begins
in the lower extremities and gradually worlks upward, and eventually
involves the facial nerve., Choked dises are noted in most of these
cases; the cerebro spinal fluld shows an increased protein with s
high lymphocyte count. Recovery usnally takes place in 6 weeks to
2 vears; nowever, there neve been deaths recorced from respirstory
failure, Kemmon and Weisbefg believe that the vpathology in these
cases 1s located in the dorsal root ganglia and perivheral nerves,
and that the pathology consists of degeneration of the myelin
sheaths with fragmentation of the axis ecylinder, but there is no
inflemmation, The trestment recommended by these asuthors is pilo-
carpin sweats, potassium iodide by mouth, rest, s=nd thiamine chloride
sub-cutanecusly,

Brachial plexus neuritie resulting from the use of anti-~
tetanic serum have been repcrted by Bubert (80), Hoagland (81),
Brahdy (82), Be1l (83), Lindemuld-r (84), Bennett (85), and Doyle (86).
Bubert (&0) records two ceses in whilch only one case of the neuritis

wag preceded by serum sickness; both cases eventually fully recovered,

Hoagland (g1) reports one case that developed a serua sickness five



ders after a 1500 unit prophylactic injection, tae following day
‘he patient developed & numbness snd weakness in right deltoid,

id (injection was _iven

O

At the end of nne vear, this right delt
in left deltoid) was atrorhic, and there was analgeeia ond hyper-
thesia, The euthor believes that the prognosis for this patient

is poor in spite of the usuzl neuritis treatment that was given,
Hoaglend believes that the neuritis is caunsed by an edena of the
nerves, Brahdy (&2) records & caye of brachial plexus neuritis
that occurred in a pastient after he had received two provhylsctic
injections of enti-toxin six months epsrt. In spite of the physio
therapy that this pritient received, twenty months =fter the sttack
of newritis he still had ~ wrist hop and inability tc extend his
fingers. Becouse tiils patient was en aleohnlic, Brahdr thinks it
is poseible thet the elcohol fixed the serum in the nerves. The
case recorded hy Ball (83) Geveloped one m-nth after the injection;
e serum sickness hed developed one week after the injection. This
patient was completely cured in three month's time with sinusoidal
ané galvanic current treatments. Lindemulder's (84) case of

rrobably permanent, in the deltoid

reuritis resulted in atrorhy,
and supraspinatus, Lindemulder believee that rest and abduction
of arm at SO degrees during the acute stage is the best treatment;
hydro therapy and heat treatments should not be given until the
acute stage hes passed.

A, E. Bennett (¢5) revorts and discusses Tive coeses of

neuritis resulting from horse serum; three of these cases completely
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recovrred, two only osrtizlly recovered, All five of these neu-
ritis cases were preceded by serum sickness six to fourteen deys
after the injecticn of snti-tetanus serum (in one cnse 60 cc of
enti-gas serum was given). All of the neuritis pains were lo-
cated in the choulder, 2nd each case showed eventual ctrophy of
the shoulder muscles; particulsrly in sunraspinatus, deltoid, and
teres muscles,

In discussing this tvpe of neuritis, Bennett indicates
that the usuel picture is thet within a few nours =fter the onset
of serum sickness severe nenritic pains develop. The pains usually
involve - the neck, shoulders, 2rms, »nd legs, and tals pein is so
severe that opiztes are of little value. Flaceid peralysis then
occurs within & few hours to 2 day or two, and thie is followed by
atrophy of the muscles. MNuscle tenderness, hyperesthesia and dull
vains persiest for several weeks. The neurologic findings may con-
sist of motor paralysis, atrophy, fibrillatigié, sensory loss, re-
duced or absent reflexes depending on whst segments are involved.

Ag regards pathology, the suprascspulsr is the nost fre-
quentﬂnerve involved, followed by axillary and long thoracic. All
of these nervcs originate from the 5-6-7 cervical nerves. To ex~
plain this localization, Bennett believes that the signs and svmptonms
are caused by vaso dilataticn which results in edema of s¢kin,
muscles, bursae, and joint tlissues; this edema produces compression
on nerve trunks thereby producing = palsy in a few hours. It seems

possible thet this edema could occur in the intervertebral foramen,
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boney grooves, cor perineural sheaths of the nerves, thereby inter-
fering with the tlocd eunply to the nerves, causing zn anoxemia with
temporary or comgplete nerve ceil ond fiber deoth, Garcin and Bertrand
(1935) croved by animel experimentstion thet repeated enaphylactic
shock ceused vagso-dilatations, perivascular infiltration, and at
times minute hemorrhages with cellular destruction and marked
meningeal resctions. Incressed lymphocytosis hes been observed
fregquently in the spinal fluid during tke serum sickness stage; so
possibly ther 2 combinstion of a vasculer disorder and edematous
comprescion acccunts for the neuropathologic picture of complete
peripheral nerve palsy and musculer stronhy. The anterior horn
motor neurons must be unaffected because complete regenerztion
ususlly occurs,

Immedizte trentment during the serum sickness stage may
prevent the neuritic complications. This trecstment coneiste of
intra-vencus hypertonic sucrose to reduce the edema, artificial
nymerpyrexia (103-104) also to reduce edeme, olso the use of epi-
nephrine with pilo corpine and blenket sweet pgcks., The neuritis
is treated by abduction eplint at 90 ldegrees, general nutritive
and vitamine thersgpv, and local heat, fter the hyrperesthetic stage
physio-therapy and electrical stimulation are indiceoted.

Beczuse tnis tyvpe of neuritis usually results beceuse of
2 prophylectic injection of santi-toxin, the medico-legal aspects
of such a case are very interesting, particularly to those clinicians

associated -'ith insurance companies thot write comnensation insurance,
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In en attempt to gain facts concerring compensation, Bennett (85)
sent a gquestionnalre to eighteen companies or compensation com-
missions., In replies from eleven compenies, six stated they had
no ernerience relative to complications from horse serum, two re-
plied théy hed claims for this type of disability but no facts were
given, one steted they had one serious case of this type, but the
facts were unobtainable. The Traveler's Insurance Company replied
that they had had two typical cases of brachial plexus neuritis re-
sulting from horse serum; one case recovered in five months with
compensation of over $500; the other cese hed not recovered since
July 1937 2nd was still being carried on a 50% disability of the
arm, Another companv reported e case of right brachial neuritis
with aphasie that resulted from horse serum; this patient was
disabled for six months -nd received s total compensation of $2000.
One of Bennett's cases that dicd not fully recover received compen-
sation for one year, and =z settlement on the basis of 50% disa~
bility of the arm. Consequently, one should not be careless in
dealing out tetanus anti-toxin, and when enti-toxin 1s given the
patient should be told of the beginning symptoms of serum sick-
ness so treatment can immediately be started, thereby possibly pre-
venting 2 disabling neuritis and incidentally save the patient a
grest deal of pain and the insurance companies money.

Dovle (86) in an excellent review of 47 cases of neuritis
resulting from horse serum injections reveasled the following facts:

1. Thirty-three out of the fortw seven cases were over 2l years

of age.
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2. In thirty-five cases the neuritie symptoms came on two

days after the serum sickness developed.

3. The average length of the serum sickness was about 3 days.

L., Thirty-four out of Y9 cases developed neuritis following

injection of anti-tetanic serum.

5. The distribution of the neuritis in 49 cases.

(1) Superior brachial plexus - unilateral motor 13
(2) Mononeuritis (radial 7 - long thoracic 1) - 8
(3) Optic neuritis 6
(4) Brachial plexus - bilatersl motor 4
(5) Brachial plexus - bilateral memsorimotor Y
(6) Superior brachial plexus ~ unilateral sensorimotor 4
(7) Superior brachial pléxus ~ bilateral motor 3
(8) Superior brachial plexus - bilateral sensorimotor 3
(9) Brachial plexus - unilateral motor 1
(10) Brachial plexus — unilateral sensorimotor 1
(11) C.N.S,, meninges, brachisl plexus - bilateral motor 1
(12) Urticarisl edeme of the brain and meninges 1

During the months from March (1941) through January (1942)

389 prophylactic injections of tetanus anti-toxin were given to

381 men who were constructing the Martin Bomber Plant at Fort Crook,

Nebraska. Xach injection consisted of 1500 units. The site of in-

jection was in either the deltoid or the .glutens; three injections

were given in the rectus sbdominus muscle. The majority of the

prophylactic treatments were given for puncture wounds in the



hande and feet; in four ceses of compound fractures a combination
of gas and tetanus snti-toxin were given,

Yvery man received sn intras-dermal ckin test of eilther
the anti-toxin itself or the plain horse serum. In this series
twenty men showed a positive skin test; in nine nf these men the
ere of erythema was over four centimeters and there was a defi-
nite wheal, and beceuse their wound was theroughly cauterized with

O QENED
phencl and apemeel no tetenus anti-toxin was given. In three of
those that showed a positive skin test, the cnti-toxin weas given
in one dose because the ckin resction did not show & posgitive be-
fore one-half to one hour after it was given. These latter thre
teste were done with tetanus anti-serum, one of the subjects de~
veloped » severe brechial plexus neuritis, the other two showed no
reaction. In eight of the subjects that showed 2 positive skin
test, the snti-toxin was given in 3-8 doses; none nf these subjects
reported r~nv reaction.

In two instances a positive skin test was noted after =
nrevisus injection of 1500 unite of anti-toxin, In six instances
the okin did not tegt positive for horse sgerum after 1500 units
hed previncusly been given, and & second injrction of 150C units
within s period of eix wecke ceused no reaction in these six men,

There was a total of fourteen cases of serum sickness,

four of these cases gave a history of having hod horse serum before,

- None of the fourteen cases of serum sickness showed immediate posi-

tive gkin resctions to horse serum.



In one instence a serun siclmess wre followed by &
brackisl plexus neuritis, In three cases of serum sickness there
resulted = cuestionstle mild neuritis in the brechial plexus. I
say questionable beczuse in nonec of the letter three coses men-
ticned was there very severe pain, nor dié the symotoms last more
than four dcrs.

Three hundred ~nd thirtv-seven irjections were given on
the day of the injury. Thirty-five were given one day after the
injury, while a totel of seventeen injections were given all the
way from tws to ten daye after injury.

I velieve it is of interest to note that seven men ab-
solutely refused to take tetanus anti-toxin becsuse of unplesnsant
reactions they had heerd of; one men refused the anti-toxin becsause
of a severe neuritis he had formerly developed in his leg from a
previcus dose of tetanus anti-texin,

The majority of the serum sickness cases reported consisted
of resh, malaise, axillary adenitis, fever, rednessawswelling of the
injrection sight, =nd nausea and vomiting. In only one case was there
a severe urticaria. All of these ceses developed 7-10 days after
the injection, and &sll were given epinephrine (,3-1 cc) which af-
forded immediote but temporory relief, Histaminage was given in
only four c=ses of serum sickness, oné in only cne cnase were any
¥ovorable results seen. In cases that hed a slight rash, luke warnm

starch baths were recommended wanich gave relief from the pruaritis,
hot pscks were applied to the injection site. None of the cases of

serum slckness lasted more than four days.



Because of the rarity of a true brachial plexus neuritis
from horse serum, l believe theot my one case of such a condition
would be of interest,

Cege hietory: On June 25, 1941, patient stepped on a
nail; he immediztelw revorted to the nosnital where he was given
1800 units of tetanus anti-toxin, sznd the wound was owened and
ceuterired with phenol. The anti-toxin was given in the gluteal
region. The skin test done at this time with the znti-toxin was
negetive, Ten days lzter on July 3, petient steted thet he noted
severe "cramps" in right shoulder region. These cramping pains
soon sprecd over to the left shoulder. The next day, the patient
went to his own doctor wio told him he had neuritis. At this time
the patient complzined of numbness and tinglimg in the tips of the
3-4_5 fingers of left herd; the right arm et this time wes rela-
tively free from cny pain. Thie patient was tre-ted by nis own
physician with thiamine chloride, locel heat spplications, and
disthermy. 3By the eleventh of July the pstient was unsble %o
ckduct his £Z;h$ arm because of severe pain; there was no evidence
of paralysis at this time, The treztment mentioned :bove wes con-
tinned and by July 21, the prtient was eble to return tn work; at
this time he had about 80% function of his £i;£¢ arm., Re-examination
of the patient on September £ siowed thst there wes s definite
muscle atrophy over the ;zght scapula; the patient complained that

LERr™ ReGNT-
his »ight arm was weaker than the ieft, and exeminztion proved

this to be true,



It is of grest interest to note thet this votient's
neuritis was not preceded by a severe serum sickness; although
he states that the day following tne injection the site of the
injection was red and swollen; also he complained of a slight
headache and malaise at that time.

Certeinly from the evidence gethered by reviewing these
389 cases no startling conclusions can be rezched; however, first .
and foremost, it is important to note that there were no cases of
tetanus =zmong the 5000 men who were working on constriction of the
Martin Bomber Plent at Fort Crook, which, after all, is the desired
result from teianus prophylaxis,

Conclusions:

1, ©Skin testing done with pure horse serum gives mere
prompt and more clesr-cut resctions.,

2, A negative skin test does not rule cut the possi-
rility of serum sickness.

3. Serum sickness and neurlitis are not common enough to
prohibit the use of horse serum snti-toxin,

4, One injection of horse serum does not always sensi-
tize a person to horse serum,

5. The usual case of serum sickness occurs about 7 days
efter prophyvlactic treatment, and lasts only about four days.

6. Epinephrine and warm starch baths sre beneficial
in 2lleviating the syvmptoms of serum sickness,

7. An insufficient number of cases were treated with

histaminaye to warrsnt any definite conclusions.
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