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ANAPHYLAXIS. 
By CAPTAIN J: C. KENNEDY. 

Royal Army Medical Cm'p8. 

ANAPHYLAXIS is a subject to which attention has been direc'ted . 
only within the last few years, but it has proved to be of such great 
interest and has provided such an entirely new line of research that 
every day those engaged in its investigation are adding to our 
knowledge. 

Nature of the Phenomenon and Experimental Results.-Anaphy
laxis is the term coined by Richet to describe the phenomenon of 
hypersensibility presented by animals to a second dose of a toxin. 
It is thus the reverse of vaccination. Richet's earlier researches 
were made with eel serum and the poison derived from sea anemones. 
In conjunction with Portier he extracted a toxin from sea anemones 
which he called actino-congestine, from its property when injected 
into the dog of causing intense congestion of all the internal organs. 
The maximum non-lethal intravenous dose for a dog was 0'075 
gramme per kilogramme. While a dose of 0'08 to 0'1 gramme was 
fatal on the third day. If a dog were given a feeble dose it re· 
covered, but on administering a second dose, even loth of a lethal 
dose (0'0025 gramme), the dog died in a few seconds with very 
acute symptoms-vomiting, dyspnma, paraplegia, a profuse bloody 
diarrhma, and complete anffisthesia. '11he intensity of the pheno
menon was more strikingly brought out by noticing the dose which 
was sufficient to produce vomiting only (" la dose vomitive"); in 
a normal dog 0'08 gramme was required, whereas a dog previously 
sensitised required only 0'001 gramme, being therefore eighty times 
more sensitive than normal. The first researches of Portier and 
Richet date from 1902, although the phenomenon of hypersen
sibility had been previously noted by many observers, Behring 
(1893), Koch (1893), Knorr (1895), Brieger (1895), and others, and 
even by Majendie in 1839 (Besredka). For our more recent know
ledge we are indebted especially to Richet, v. Pirquet, Arthus, 
Otto, Besredka, Nicolle, and the Americans Rosenau, Anderson, 
Gay and Southard. Two excellent reviews of the subject have 
recently appeared, one by Otto (Handbuch der pathogenen Mikro
organismen, 2, 1908), and the other by Besredka (Bulletin de 
l'Jnstitnt Pastenr, Nos. 19, 20, 21, 1908). 
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Anap:hylaxis may be produced in animals ·by the administration 
of the sera of other animals, eggs, albumin, milk, actino- and mytilo
congestine (sea anemone and mussel poison), bacterial endotoxiris, 
extracts of organs, extract of peas, &c., and is seen in man as the 
"serum sickness" (" maladie serique "-" serumkrankheit "), the 
result of the therapeutic administration of antitoxic sera. 

As the result of clinical observation it is noted that in children 
treated with· a first dose of antitoxic s~rum the symptoms appear 
in seven to twelve days, never before the sixth (Pirquet and Schick), 
but that after the second dose they appear in a few hours, even 
with very small doses (1 cc.). . 

The results of animal experimentation are most interesting and 
may briefly be summarised. In the first place, we may define two 
terms used by Continental writers, viz., the phenomenon of Arthus, 
and the phenomenon of Theobald Smith. 

The Phenomenon of Artlius (Arthus, 1903).-Rabbits injected 
subcutaneously at stated intervals with horse serum become affected 
after the fourth injection by a soft infiltration of the tissues, after'· 
the fifth this becomes indurated, and after later injections may even 
become gangrenous. The same results are obtained if the first 
dose be intraperitoneal followed by subcutaneous, and if an. intra
peritoneal or intravenous dose be given after several subcutaneoils 
ones, grave constitutional symptoms appear and death may result. 
Analogous results may be obtained with milk. The phenomenon 
is strictly specific. 

The Phenomelwn of Theobald Smith.--:The Americans long ago 
noted that guinea-pigs treated with antidiphtheritic' serum were 
particularly sensitive to horse serum, and Otto, who through Ehrlich 
heard of Theobald Smith's observations, coupled the latter's name 
with the following phenomenon. A guinea-pig which has received 
many weeks before, a mixture of toxin and antitoxin of diphtheria 
manifests very severe and even fatal symptoms when one injects 
normal horse serum under the skin. Twenty-two guinea-pigs 
having received a dose of antidiphtheritic serum were injected sub
cutaneously four and a half to twelve weeks later with 6 cc. normal 
horse serum, soon afterwards they exhibited symptoms: accelerated 
respiration, dyspnooa, cardiac failure, subnormal temperature and 
death in half to one hour in the case of haif; the other half slowly 
recovered. The controls (without the first dose of antidiphtheritic 
serum) showed no symptoms, and in fact would stand five times 
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the dose of normal horse' serum' without inconvenience. If the 
second dose were the serum of a rabbit, sheep, or ox, no symptoms 
followed. The phenomenon is therefore specific. 

Subsequent experiment· proved that the diphtheritic element 
was not necessary, though the presence of diphtheria toxin rendered 
the process more acute. This disposed of the hypothesis of a 
toxone being the cause of the symptoms. 

The following facts deal with the aCtion of llormal horse serum 
(N.R.S.), on the guinea-pig. The condition of hypersensitiveness 
is produced by the subcutaneous injection of a v~_ry small dose, 2-hY 
to TOO~"O~O cc. N.R.S., and requires an incubation of ten to twelve 
days. A second dose of 5 cc. given intraperitoneallytwelve days 
after produces symptoms of anaphylaxis and causes death in 50 
per cent. or more of cases, according to the breed of pig, as some 
(French) are less susceptible than others (American). If given 
intracerebrally the second dose need only be t cc., and a fatal result 
is more certain. The fatal result can also be obtained by injecting 
0·01 cc. direct into the heart. The state of hypersensitiveness 
after the first dose lasts for five months to a year, and has been 
known to last· for 720 days (Rosenau and Anderson). It may be 
produqed not only by inoculation but also by feeding on the serum 
or the flesh of the horse. The sensitising dose must be small, a 
large dose is less effective. -

If the second dose be given before the incubation period (ten to 
twelve days) is over' but at least twenty-four hours after the first, 
no symptoms, or at least very slight ones, appear, and the animal 
is not suscep'tible to a third dose given twelve days after the first. 
In fact, a state of anti-anaphylaxis has been produced, the animal 
has been vaccinated. It was found that massive intraperitoneal 
doses given during the incubation period protected (vaccinated) 
against the action of the second dose, whether intracerebral or 
intrap~ritoneal, and then that only one dose" (5 cc. intraperitoneal 
or t cc. intracerebral) was sufficient to vaccinate, and further that 
the effect of the vaccinating dose was immediate, as the animal so 
treated could sustain a dose of t cc. intracerebral given one hour 
and a half later. Further, it is stated that anti-anaphylaxis may be 
produced even after the twelve. days by means of very small intra
cerebral doses (~lo tO~rho cc.), and that their action also is immediate. 

The intraperitoneal method of vaccination is said to.-give a more 
solid protection than the intracerebral, but the severity of the cere
bral operation. may reasonably explain this; The vaccinated state 
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lasts for months; very much longer than that conferred by antitoxic 
or antibacterial sera. Nor can this anti-anaphylactic immunity be 
transmitted to another animal, none of the organs, brain, spleen, 
liver, or serum, possess any specific property. These facts ,are 
brought forward to support the idea that this immunity is of the 
nature of a desensitising, a recurring to the normal state. Animals 
rendered anti-anaphylactic by means of large doses are at a later 
period found to be hypersensitive, and their young born during the 
anti-anaphylactic period are also hypersensitive. This has been 
explained by supposing that the excess of the immunising dose 
over what is required to produce anti-anaphylaxis (neutralisation) 
subsequently acts like a first dose in a normal animal. 

The anaphylactic state can be transmitted to the young in utero, 
but not through the male or through the milk. It is, however, 
inconstant, and the individuals of the same litter vary in degree and 
in duration of sensitiveness. 

It would appear that anaphylaxis requires the intervention of 
some special cells for its production, as it cannot be produced by 
intracerebral injection. 

The nature of the anaphylactic principle of the serum is still a 
matter of doubt, but it seems probable that it is a protein. N on
protein substances, such a~ cocaine and apomorphine, do not produce 
anaphylaxis, while all the higher forms of albuminous fjubstances, 
no matter from what source, are capable of producing sensitising 
and intoxication effects. Although there is evidence that the pro
duction of precipitins bears some relation to the anaphylactic state, 
the anaphylactic principle does not exhibit the phenomenon of 
fixation of complement, and is therefore not of the nature of a 
precipitin. 

Rosenau and Anderson state that it is not acted on by 
ammonium sulphate nor by the ferments-taka-diastase, pancreatin, 
invertin, pepsin, rennin, myrosin, .emulsin, but Gay and Adler find 
that the precipitate (euglobulin) obtained after adding ammonium 
sulphate to horse serum to a third of saturation is actively senitis
ing but non-toxic. The protein precipitate on subsequent fractions 
obtained by addition of ammonium sulphate to saturation has less 
and less sensitising power and gets progressively non-toxic, but the 
sensitising power is not completely lost; while Gideon Wells finds 
that in tryptic digestion of ox serum both the sensitising and toxic 
properties are gradually lost as the coagulable portions of the serum 
disappear. 

The anaphylactic principle does not dialyse through a collodion 
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sac; and is· not touched by formic aldehyde, m contradistinction 
to the toxins of diphtheria and tetanus. 

The following agents have no action: atropine, morphine, 
strychnine, caffein,. calcium chloride, magnesium sulphate, butyric 
acid, permanganate of potash, citrate of soda, ether, alcohol, chloro
form, peroxide of succinic acid and of hydrogen, tricresol, Gram's 
fiuid, animal charcoal, ox-bile, freezing and thawing, arid X-rays. 

Gideon Wells has obtained a pure protein from egg white by 
means of repeated crystallisation. He finds that this produces. 
anaphylactic symptoms and is much more active than unpurified 
egg white. The sensitising dose is only 200<foooo gramme; and 
for a fatal result TOO~OOO gramme; the minimal lethal dose is 
~milligramme intraperitoneally, or -la to 21s milligram me into the 
circulation. He argues that the minuteness of the dose indicates 
that the sensitising and the toxic portions are one and the same kind 
of protein molecule, or else two different parts of the same molecule. 

Gelatine is devoid of anaphylactic power, because of its poverty 
in aromatic radicals. 

Coagulation of proteins by alcohol which renders them insoluble 
(viz., egg white) destroys toxicity, but not of those which it does not 
render insoluble (serum). Iodisation of serum does not yield 
constant results. 

The Effect of Heat.-Heating at 60° ·C. for six hours does not 
destroy. Heat at 1000 C. for twenty minutes (one part serum and 
three parts distilled water to prevent coagulation) renders a lethal 
dose (t cc. intracerebral) inoffensive to a sensitive animal. 'l'hat 
the toxic element of the serum is destroyed is proved by the sub
sequent (one and a half hours) injection of unheated N.H.S·., when 
the animal is just as sensitive to the test as the controls, though 
perhaps there may be a delay or diminution in the E!!3verity of the 
symptoms. The same is true if the heated serum be injected 
intraperitoneally (5 cc.). But if the period between the injectiori 
of heated serum and that of the lethal dose be increased beyond 
twenty-four hours to four, five, or six days, only mild symptoms 
(cough, excitement) follow. Therefore a certain immunity is con
ferred by serum heated at 100° C. in four to six days, proving that 
not all of the toxic principle is destroyed. 

At 76°C. the toxicity is slightly decreased. It may be laid 
down that both the toxicity and the vaccinating power diminish 
as a temperature of 100° C. is approached. But much lower tem
peratures may be shown to have a marked effect. n a serum be 
heated to 56° C. for one hour on three successive days, and on. the 
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fourth for two hours it becomes three times less toxic than the 
same serum unheated. 

Seeing that the toxin is thermolabile it would be expected to 
produce an antibody. But this is not the case, as the blood of an 
immunised animal mixed with and' injected along with N.R.S. 
does not hinder the toxic effect of the serum (Besredka). While 
the toxic property is destroyed by heat, it is otherwise with the 
sensitising N.R.S. heated to 100° or 1200 C., which does not suffer any 
decrease in its sensitising property, indeed it is stated to be, if 
anything, increased. This fact Besredka brings forward in support 
of his theory that serum consists of two substances, one thermo
stable (sensitising), the other thermolabile (toxic). 

Milk heated at 1000 C. for fifteen minutes loses neither its 
sensitising nor its toxic property. Crystallised egg white heated at 
1000 C. for fifteen minutes does not lose all the sensitising power, 
but its toxic property is almost entirely destroyed at 900 C. 

The Effect of Narcotics.-The symptoms Of anaphylaxis are 
supposed to be due to a toxic action on the cells of the central 
nervous system, whereby they are subjected to a severe shock, and 
some support is lent to this view by the fact that certain narcotics 
are capable of preventing these symptoms. 

If a sensitised animal be etherised and then immediately 
injected with a lethal dose it presents no symptoms on waking in 
half an hour. But further, if another lethal dose be given the 
following day again no symptoms supervene, therefore the animal 
has been vaccinated. Ethyl chloride and chloral hydrate are said 
to give the best results. Opium and morphine have practically no 
effect .. Urethane merely gives a respite for sixteen hours. 

Theories to explain the Phenomenon.-There is as yet no satis
factory expl~nation of the phenomenon. But of course' many 
theories have been suggested. The majority of observers favour 
the idea that an antibody is formed and Nicolle states that he 
has succeeded in demonstrating it. Others-especially Gay and 
Southard-oppose the theory. Vaughan and Wheeler think that 
a ferment is formed after the first injection which acts on the 
albuminous substance at the second injection, splitting it up into 
two parts, a toxic and a non-toxic. 

Besredka finds that two properties (sensitising and toxic) of the 
serum may be distinguished by the action of heat, the sensitising 
property is thermostable and is due to a substance which he calls 
"sensibilisogene," and which produces "sensibilisine" after twelve 
days. The toxic property is due to "antisensibilisine," a thermo-
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280 Anaphylamis 

labile substance which combines with the "sensibilisine" whether 
it be free or fixed .to a nerve cell. The effect of etherising is to 
render the cell non-sensitive to the shock of disruption: of the 
" sensibilisine." . 

Practical application of tj~e Phen01ne1~on.-It is evident, there
fore, that the facts elicited by a study of this subject fall into line 
with recent modifications in our views on immunity. Koch long 
ago pointed out that tuberculous patients were hypersensitive to 
tuberculin, and it is now generally recognised in the treatment of 
bacterial disease by vaccines that a dose which would be necessary 
to evoke a response in a normal individual would be much too 
large for an infected (or sensitised) one and would probably cause 
a dangerous negative phase. Not only in treatment, but also in 
prophylactic inoculation of vaccines, evidence is forthcoming that 
hypersensitiveness plays an important part in the subsequent 
immunity. 

Serum Sickness. - From the point of view of practical thera
peutics-the administration of antitoxic sera-the importance of 
anaphylaxis is now being appreciated. Everyone is familiar with 
the symptoms of serum sickness which so often follow the adminis
tration of a dose of antitoxin serum and rarely appear before the 
sixth day, but not everyone has grasped tbe fact that a person 
once treated with horse serum is for years (perhaps for life) 
rendered hypersensitive to a second injection. 

This hypersensitiveness is evidenced by the appearance of 
anaphylactic symptoms in an accelerated and aggravated form. 
Three interesting cases in the persons of medical men are reported 
in the British Medical Journal, January 18th, 1908 (Thorne), 
February 29th (BJigh), April 18th (Waterhouse); in one case there 
was an interval of four and a half years between two doses. The 
effects may be so severe as to cause death. Gorstein has collected 
twelve cases and·Rosenau and Anderson nineteen. 

According to Goodall, the susceptibility to a second administra
tion is increased in proportion to the quantity of serum used, and 
to the serum reaction in the first instance. 

While personal idiosyncrasy is no doubt a factor in determining 
the severity of the symptoms of serum sickness a none the less 
important one is the particular horse serum used. Some sera are 
undoubtedly more toxic than others (Washbuin, Card, Goodall),; 
and Besredka points out that the age of any particular serum has 
also to be reckoned with. A particular serum was lethal to a 
sensitive guinea-pig in 3\ cc. dose when freshly drawn; when seven 
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days old the lethal dose was TIT cc.; on the forty-fifth day y16 cc. ; 
and from two months to one year old t cc. A serum kept by Roux 
for thirteen years was lethal in t cc. 

Besredka recommends that all sera should be tested as. to their . . 

toxicity for guinea-pigs before being used therapeutically, and that 
a serum which kills a sensitised guinea-pig in a dose of 21> cc. 
should be avoided. It will. therefore be recognised that great 
discrimination is necessary in the selection of cases for treatment 
by antitoxic sera. It will be as well to carefully enquire into their 
past medical history for diphtheria and septicffimia which may have 
been treated by serum.· 

It is probable that when the dangers of anaphylaxis be.come 
more widely and generally appreciated the prophylactic administra
tion of antidiphtheritic serum will not be .undertaken so light
heartedly as it frequently is. 

It might be of advantage to consider the preparation of antitoxic 
sera from another suitable animal besides the horse for use in cases 
which have been sensitised to' horse serum on some previous 
occasion. by copyright.
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