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PREVENTIVE INOCULATIONS. 

By EDWARD FRANCIS WILLOUGHBY, M.B, 

(Read: Jan. 12th, 1887.) 

From time immemorial it lias been well known that certain 
infections diseases occur as a rule but once in a lifetime, one 
attack rendering the organism insusceptible of subsequent 
infection. This immunity, however, does not invariably 
follow, nor is it always absolute and permanent, for there are 
persons who never appear to acquire it in respect of par- 
ticular diseases. It seems to become less complete, if not 
to be altogether lost, after a certain lapse of years, and very 
mild attacks certainly confer an imperfect and but short-lived 
exemption. 
Why such diseases should so protect the individual against 

further infection, is a problem for which, until quite recently, 
no satisfactory or even rational explanation has been offered; 
but it is no doubt closely connected with the scarcely less 
remarkable fact that in all of them the morbid process tends 
to spontaneous extinction within a limited and, in some, a 

strictly definite time, never assuming a chronic character, as 
inflammatory diseases so often do. 

Non-recurring diseases are all due, or presumably due, to 
the development of pathogenic organisms, but not all bacterial 
diseases are non-recurring, nor do they all terminate sponta- 
neously. Thus, yellow fever, typhus, small-pox, measles, 
scarlatina, and several others, as well as the variolae of other 
animals, and anthrax, swine-plagtie, rouget, etc., are non- 

recurrent ; while cholera, diphtheria, and enteric fever, not 

unfrequently occur more than once in a lifetime; and ery- 
sipelas, septicaemia, and tuberculosis may run an indefinite 
course, ending in ultimate recovery or in death. In a discussion 
on diphtheria in this Society last year, I advanced a proposi- 
tion, which I believe to have the character of a law?albeit an 

empirical one,?viz., that the more specialised or differen- 
tiated a disease, the greater the immunity conferred by a single 
attack. 

The idea which underlies all protective inoculation, at 

least all hitherto practised, is the induction of' the particular 
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disease in a form so mild or so modified as not to endanger 
life, yet sufficiently defined as to confer an immunity similar, 
if not equal, to that which follows an attack of the disease 
incurred in the ordinary way. 

But so much confusion exists in the popular mind, and 
even, I fear, among such of our profession as have not turned 
their attention to the subject, that I think it will not be amiss, 
especially at the present time, when, as I believe, we are on 
the verge of a new and most important departure, to take a 
retrospective glance at what has been already done, and to 
indicate clearly the principles on which each procedure is 

based, as well as their mutual relations. Classification is 
essential to all scientific definition, and I will accordingly 
divide all protective inoculations that have been either 

practised or proposed into four or five classes. 
The first postulate of a protective inoculation is that the 

virus to be inoculated shall be derived, directly or indirectly, 
from the disease it is intended to avert. Thus, sheep-pox 
will not protect against small-pox, nor vice versd, any more 
than scarlatina, small-pox, and measles will antagonise one 
another. This may appear too obvious to call for so decided 
a statement, but it is not so when we remember that nearly 
all French, and a few English and German, physicians and 
veterinarians, still believe in the occasional spontaneous 
origin and the specific character of cow-pox; whereas I main- 
tain, as T did in the paper I had the honour of reading here 
last year, that cow-pox in the form of vaccination protects 
against small-pox only because, unlike sheep-pox and some 
other variolse, it is small-pox, though profoundly modified by 
transmission through the body of the cow. A clear appre- 
hension of this postulate would obviate such blunders as the 
substitution of sheep-pox for so-called cow-pox as a material 
for vaccination, which has been attempted in Italy ; the pro- 
posed vaccination of sheep, to protect them against their own 
pox; and the worse than useless inoculation of swine with 
Pasteur's cultivations of rouget, in the hope of protecting them 
against swine-plague, which is a disease more akin to enteric 
fever, and standing in a relation to rouget somewhat analogous 
with that of enteric fever to the scarlatina of man. Indeed, 
the description of cow-pox, in Mr. Fleming's recent letter to 
the Lancet, as a disease 

" distinct from and antagonistic to" 
small-pox is, if not self contradictory, opposed to all patho- 
logical experience and analogy. The second postulate is, that 
the disease which it is proposed to inoculate must be one of 
which an attack contracted in the ordinary way protects the 
individual against subsequent infection. Like the former pos- 
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tulate, this caution is not uncalled for, when we have seen 
Ferran practising wholesale inoculations with what purported 
to be cultivations of the cholera bacillus, and finding advocates 
in other countries as well as in his own; though, as our vener- 
able friend, Surgeon-General Dr. Murray, in the St. James's 
Gazette, and I, in my rejoinder to Dr. Cameron in the Nine- 
teenth Century, showed from Indian and American statistics, 
that cholera may attack the same individual several times; 
the sole reason why such repeated attacks are not more often 
observed in Europe and America, being the length of the 
intervals between successive epidemics. In like manner, 
Pasteur has proposed inoculations with cultivations of diph- 
theria, a disease, one attack of which, as Dr. Greswell showed 
us last year, renders the subject of it more susceptible to in- 
fection than he was before, and may, under certain unhygieuic 
surroundings, recur even without a fresh infection. 
Assuming that the diseases under consideration fulfil these 

conditions, we may endeavour to obtain protection by one of 
several methods which I shall, for the sake of conciseness, 
call the methods of inoculation, vaccination, attenuation, and, 
for want of a better term, neutralisation. 
The first and second methods have as yet been practically 

employed only in the case of the pustular exanthemata or 
variolic of man and animals, and the principles on which they 
are based are those that I laid down last year in my paper on 
Human and Animal Yariolae, which, with your permission, I 
will repeat: 

1. One attack of variola, of the kind proper to any animal, 
protects the individual against infection by, or inoculation of, 
the same. 

2. Inoculation of any animal with the virus of its own 
variola produces a milder form of the same disease, but 
affords a protection similar to that conferred by an attack 
contracted by ordinary infection. [This is the method of 
inoculation, properly so called.] 

3. Any variola inoculated in an animal other than that 
whose proper variola it is, gives rise to a peculiarly modified 
form of the disease, attended by little constitutional disturb- 
ance ; merely local eruption and no danger to life : such 
modified disease being no longer communicable to any other 
animal of the same or of different species, except by direct 
inoculation [cow-pox is such a modified form of small-pox]; 
and? 

4. This modified disease affords a considerable degree of 
immunity against infection by any means whatever with the 
variola whence it was derived, either to the animals whose 
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variola was tlie original source of it, or to others capable of 
being infected in any way thereby. [This is vaccination, 
properly so called.] 

I. Inoculation, or the induction of the identical disease in 
a milder form by means of virus taken from ordinary cases, 
has been practised in India, China, and the East generally, 
from the earliest times, as a protection against natural small- 
pox ; the Chinese employing insufflation of the powdered 
scabs, and other nations inoculating the fluid of the pustules 
into the skin by means of needles or lancets. The practice 
was introduced into Europe by Lady Mary Wortley Montagu 
in 1723, though afterwards abandoned in favour of vaccina- 
tion, and still later prohibited by law. 

Ovination, or the inoculation of sheep with their own 

variola, was for some time largely practised in Germany, but 
lias recently been declared illegal. 

This method is open to the grave objection that, though 
when the operation is performed with skill and judgment 
death very rarely follows, and the individual acquires the 
highest degree of immunity attainable, the. disease thus 

artificially induced has undergone no- change, except as re- 
gards severity, and is liable to be communicated to others by 
the ordinary means of infection, resuming in such individuals 
its normal virulence. Thus, during the fifty years or so that 
inoculation was practised in England, the total mortality from 
small-pox was actually greater than when all alike were un- 
protected. The same result was found to follow the practice 
of ovination in Germany, and led in like manner to its ulti- 
mate prohibition; it being,too,evidently impossible to stamp 
out a disease by a procedure that presupposes its perpetuation. 
I must not, however, leave this subject without noticing an 
observation of our friend, Dr. Pringle, that when, as in some 
parts of India, the material used for inoculation is taken only 
from inoculated cases, the eruption that follows becomes at 
length almost as local as that of vaccination. 

II.?The second class of preventive inoculations to which 
alone the name of vaccination may with any fitness be ap- 
plied, are those in which the action of the virus is so modified 
by its having been passed through the organism of some 
animal of a very different species, that it produces only a 
trivial ailment, though giving a considerable degree of immu- 
nity against infection. 
The only practical application of this method, as yet known, 

is the Jennerian operation. Nothing analogous has yet been 
suggested even for the prevention of sheep-pox, though it is 

by no means improbable that some animal could be found 
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which might play the same part in relation to the sheep that 
the cow has played, and the horse might play, to man. 

Indeed, I can only attribute to a want of a clear conception 
of the true nature of vaccination, as distinguished from mere 
inoculation, that no efforts have been made in this direction 
in Germany, where sheep-pox is far more prevalent and de- 
structive than it is here. 

Hitherto, as I said, the Jennerian operation has stood 
alone; but, in reviewing the evidence on the outbreak at 
Hendon, of what I have ventured to call Cameron's disease, 
it is impossible to resist the suggestion of an analogous proce- 
dure in the case of scarlatina. The inferences to be drawn from 

Dr. Klein's observations are: (1) that scarlatina, communicated 
to the cow by some means at present unascertained, assumes 
the less grave and merely, or nearly, local character of Cam- 
eron's disease; (2) that Cameron's disease can be communi- 
cated as such to man by direct inoculation; (3) that it is not 
an indifferent form of blood-poisoning or local irritation, but 
that it so far retains the character derived from its original 
source that, when deeply injected into the circulation, it pro- 
duces, even in the cow, symptoms more closely resembling 
those of scarlatina; and that (4) when cultivated in milk it 
resumes its pristine virulence, inducing indubitable scarlatina 
in man, and in the cow a disease far graver than Cameron's, 
and attended by all the renal and other pathological changes 
characteristic of scarlatina. May not inoculation with Cam- 
eron's disease confer on man an immunity against scarlatina 
strictly analogous to that which cow-pox furnishes against 
small-pox ? This, if proved, would be a vaccination in every 
sense of the word. 
hi.?The third class of protective inoculations are the so- 

called attenuations of M. Pasteur, as practised by him for 
anthrax, rouget, and some other diseases of domestic animals. 

They are based on the observation that the bacteria of these 
diseases, if cultivated for some time in artificial media, and 
under certain unfavourable conditions of temperature, etc., 
lose much of their virulence, and, injected into the body of an 
animal, induce a very mild form of the particular disease, 
which, however, suffices to render the individual insusceptible 
to infection. With a view of reducing so far as possible the 
danger to life inseparable from such procedures, M. Pasteur 
is in the habit of performing two operations at suitable 

intervals, using first a weaker attenuation, and, when this has 
had time to exert its influence on the organism, a stronger, 
which, without this precaution, would have led to dangerous, 
if not fatal, consequences; in short, as he alleges, attenuation 
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No. 1 renders the animal insusceptible to No. 2, and this to 
the original and unmitigated virus. 

This attenuation of a virus by artificial cultivation, even 
when conducted under conditions inimical to its development, 
is by no means a constant phenomenon ; most often bacteria, 
if they grow at all, retain their characters and virulence un- 
impaired ; indeed, some critics maintain that his so-called 
attenuations are merely dilutions or mixtures of the specific 
microbes with others of a non-pathogenic nature. But, ad- 

mitting, even for the sake of argument, that such attenuation 
is practicable, the whole procedure is uncertain and hazardous 
in the extreme. I do not deny?on the contrary, I believe? 
that he has proved by crucial experiments that he has 
rendered a large number of cattle and sheep absolutely insus- 
ceptible of infection or of inoculation by the virus of anthrax; 
but, having no means of accurately, or even approximately, 
standardising the strength of his attenuations, they as often 
fail to give the desired protection, and thus prove delusive, 
or they actually cause the death of the animals which it was 
intended to save from the possibilities of accidental infection. 
That this has occurred in numerous instances in Germany 
and in Hungary, even when the operation was performed by 
his own pupils, is notorious ; and we know not how many such 
failures or accidents may not have been suppressed in France. 

So, too, with regard to rouget. Dr. Salmon, in America, 
found that inoculations, with cultures prepared by Pasteur 
himself, proved fatal in a large proportion of cases, and led 
to a small outbreak, happily suppressed, among the swine kept 
for the purpose of experiments, with the danger of intro- 
ducing a disease hitherto unknown in that country. Indeed, 
Dr. Salmon thought that the preparation purporting to be 
the weaker, was really the stronger of the two. 

This uncertainty of the results is fatal to the general adop- 
tion of protective inoculations by attenuations among animals, 
and a fortiori to its ever being employed in the diseases of 
man. Besides, even if the risks at present incident to this 
method should be overcome, it is still open to the serious 

objection urged against inoculations with the original virus, that 
it keeps the disease alive and involves the constant possibility, 
not to say certainty, that it will be communicated to pre- 
viously healthy herds and flocks by the ordinary means of 
infection,?actual contact, human intercourse, and infected 

premises or vehicles. In fact, nothing short of urgent neces- 
sity, as the preservation of hitherto healthy individuals in the 
midst of disease, can justify a resort to inoculations of the 
first or third class, whether in the case of man or beast. 
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IV.?The fourth and last method that I shall discuss, and 
that to make known which is the main reason for my taking 
up your time this evening, is the inoculation of sterilised cul- 
ture-fluids, that is, of the products of the development of 
the bacilli without the bacilli themselves. 

Some experiments pointing in this direction had long ago 
been made by Dr. Klein in this country, but the credit of 
first successfully applying it, as well as of establishing it on 

an intelligible and scientific basis, is undoubtedly due to Dr. 
Salmon, Chief of the Bureau of Animal Industry, in the 
Agricultural Department of the Government of the United 
States. 

In the course of a large number of experiments instituted 
with the view of determining the identity or otherwise of 
swine-plague with rouget or rothlauf, the discovery of the spe- 
cific bacillus of swine-plague, and the effects of inoculations, 
Dr. Salmon found that the bacillus, which was quite different 
from that of rouget, was cultivated with the greatest ease in 
nutritive gelatines, and that injections of such cultures were 
invariably fatal to pigeons,?animals extremely susceptible to 
the disease when artificially communicated. He further ob- 
served that when cultures were exposed for some hours to a 
temperature of 60? C. (140? F.) the bacteria were invariably 
killed, and sowings of fresh gelatines with the heated cultures 
were unfruitful. In fact, they were completely sterilised, 
though there was no reason to suppose that the chemical pro- 
ducts, if any, of the development of the bacteria had, unless 
they were very volatile, been materially altered. He had 

already suggested that immunity acquired in the ordinary 
way in consequence of an attack of such disease, might be 
produced by the action of these hypothetical chemical pro- 
ducts on the tissues, rendering them insusceptible to the 
action of the bacilli. If this were the true explanation, 
inoculations with the sterilised cultivations should do the 
same. 

Accordingly, he performed the following experiment, among 
others. On Dec. 24, 1885, three pigeons, described as Nos. 
8, 9, and 10, were inoculated with .8, 1.5, and .4 cc. 

respectively of the sterilised fluid; and another, No. 7, with 
1.5 cc. of the pure fluid, into which no microbes had been 
introduced. No. 9, which had received the largest dose of 
sterilised fluid, was evidently sick next day, but recovered; 
the others did not show any signs of disturbance. 
On January 11, 1886, No. 7, which had been inoculated 

with the simple fluid, and No. 9, which had had the largest dose 
of the probably insufficiently heated fluid, were treated to a 
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subcutaneous injection of .75 cc. of a liquid culture five days 
old, prepared from a potato culture of fifteen days previously, 
and, therefore, probably not so strong as one freshly prepared 
from the pig would have been. No. 7 died seven days later, and 
the bacteria were found abundantly in the tissues and organs 
which were more or less disorganised. No. 9, which had re- 
ceived the heated fluid before, was ill, but slowly recovered, 
with the loss of the use of its legs. When it was killed, 
fifteen days afterwards, it was in all other respects healthy 
and well nourished, but in its pectoral muscles he found two 
sequestra of dead tissue containing a number of lifeless 

bacteria, which failed to multiply in fresh culture-fluids. 

Evidently, the previous inoculation with sterilised fluid had 
enabled the tissues to resist the action of the bacteria, and 
had led to their death. The operation had been thus far 
successful, though, as it appeared, injudiciously executed. 
A second series of experiments, performed with greater care, 

gave the most satisfactory results. The procedure was as 
follows :? 

Pigeon No. 10, which had had on December 24 an injection 
of .4 cc. of sterilised culture-fluid, and three others, Nos. 11, 
12, and 13, were all inoculated on January 21 with doses of 
1.5 cc. of a culture of 14 days direct from the pig, but which 
had been maintained at a temperature of 58? to 60? C. for 

several hours, instead of for two only as. on the former occa- 
sion. For three or four days they seemed dull and quiet, 
with ruffled feathers, but at the end of the week were quite 
well. 
On January 29, Nos. 10, 11, and 12 received a second 

and similar dose, with little, if any, effect on their health. 

No. 13, having been fiercely attacked by its fellows and 

severely injured in the head, was let alone in a coop by 
itself. 
On February 6 all four received another dose of the same 

kind and quantity as before, with still less disturbance of 

their general health. 
Finally, on February 13, No. 8, which had had .8 cc. only 

of heated virus, fifty days previously; No. 10, which had had 
.4 cc. at the same time, and 1.5 cc. on the three subsequent 
occasions ; Nos. 11 and 12, which had had three, and No. 13,two 
such doses, with a control-bird ; No. 14, which had never 
been inoculated, were all subjected to injections of .75 cc. of 

strong virus,?a dose that had always proved fatal, except in 
the case of No. 9, already mentioned. 

The control-bird died in twenty-four hours, and No. 8, 
which had had only .8 cc. of heated virus (evidently an insuf- 
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ficient dose) fifty days before, died in forty-eight hours. The 
others were even less affected than they had been by the pro- 
tective inoculations, and remained perfectly well. Cultivations 
with blood from the hearts of the two that died were turbid 
with the bacillus of swine-plague by the very next day, 
though only the minimum quantity of blood practicable was 
employed for the purpose. 

That micro-organisms in the course of their development 
either secrete, or in some way cause to be produced in the 
fluids in which they grow, some chemical substances, is a well- 
known fact, familiar to us in the phenomena of fermentations, 
putrefaction, nitrification, etc.; and that, in some cases, these 
products are inimical to the life of the organisms producing 
them, is shown by the arrest of the fermentation of saccha- 
rine solutions when the proportion of alcohol has reached 
about 14 per cent., which thus constitutes the maximum pos- 
sible alcoholic strength of a natural wine. 

That the spontaneous extinction of the morbid process in 
fevers might be brought about in a somewhat analogous 
manner, was implied in the zymotic hypothesis of Dr. W. 
Farr; but it did not in itself suffice to explain the pheno- 
menon of subsequent immunity, since the chemical products, 
whatever they might be, must surely be eliminated from 
the living organism within a period infinitely shorter than 
that for which the immunity is observed to endure. 

Dr. Salmon would substitute for the cheniico-vital hypo- 
thesis of Farr, one more purely physiological. We know from 
a consideration of the development of neoplasms from the ele- 
ments of the normal tissues, as of carcinomata from connec- 
tive tissue, and epitheliomata from epithelium, that cells, 
when once they have acquired a special character, tend to 

perpetuate it by transmitting it to each successive genera- 
tion to which they give rise in the process of proliferation. 
We have, then, but to assume that the effect of the products 
of the bacteria in the fluids of the body on the bioplasm 
of the cells, is such as to render them no longer capable of 
affording a suitable pabulum for the bacteria, which, conse- 
quently, die out, and that the cells, whose bioplasm is thus 
altered, tend to reproduce their like for a longer or shorter 
period. In course of time, however, this tendency may wear 
out, and the cells revert to their original character, when the 
individual becomes again susceptible of infection by the 
bacilli of the particular disease. In some persons, perhaps 
the healthiest, this reversion to the primitive character, and 
consequent renewed susceptibility, takes place in the course 
of a very few years; such was the late Hector of Rugby, 
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who died at the age of eighty-three, of his third attack of 
small-pox ; and such I believe myself to be, who, having been 
twice successfully vaccinated, have twice since suffered from 
that disease. 

The failure of very mild attacks of scarlatina, for instance, 
to protect against subsequent infection is illustrated by the 
case of Pigeon No. 8, which, having been inoculated with 
.8 cc. only of the heated culture fifty days before, died in 
forty-eight hours when inoculated with the strong virus. 
The advantage presented by this method over inoculations 

with the actual virus, or with attenuations of the same, other 
than those analogous to vaccination, which last are no longer 
infectious by ordinary means, is, that the pathological pheno- 
mena induced by the products of the bacteria, whatever may 
be the nature or intensity of the constitutional disturbance, 
are not those of the specific disease, but of something actually 
antagonistic thereto. 

This method appears also to be capable of wider applica- 
tion than the second, which requires the intervention of an 
animal of a different species capable of contracting the disease 
by inoculation, and when inoculated, of completely changing 
its character. Unless the cow should be found to constitute 
such an intermediary in the case of scarlatina, vaccinations 
will remain, as at present, available only for the prevention of 
small-pox, and perhaps, mutatis mutandis, of the variolae of 
other animals. 

Unfortunately, the lower animals are insusceptible in every 
way to all other non-recurring bacterial diseases of man, and 
man contracts such animal diseases as can be inoculated un- 

altered. In like manner, anthrax, swine-plague, etc., undergo 
no transformation or diminution of their fatal character when 
inoculated into other animals, as rabbits or birds, which are 
not naturally subject to them. 

But, since many pathogenic organisms can be cultivated 
successfully in artificial media without change, and swine- 
plague has been shown to produce in such fluids the same 
chemical products that it does in the living body, all we have 
to do is to identify the bacillus of a disease, and to find a 
suitable medium for its cultivation. There is one disease 

which, highly infectious, with a mortality of fifty per cent., 
though conferring almost absolute immunity on the survivors, 
and endemic or epidemic over wide areas, at once suggests 
itself as a fit subject for research and experiment on these 
lines: I allude, of course, to yellow fever. If it be true that 

Dr. Domingo Freire has identified and succeeded in cultivat- 
ing the bacillus, the road is already clear; while the ex- 
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treme fatality of the disease itself renders attempts at treat- 
ment by inoculation with 

" attenuated 
" 

cultivations so haz- 
ardous as to be quite unjustifiable,?though., if reports may be 
trusted, he has performed them with seemingly encouraging 
results. Salmon's method is not open to the same objections, 
and its application to yellow fever deserves, nay, demands, the 
most serious consideration. 

Under circumstances of special danger, as those in which 
the medical and other attendants on the sick in hospitals, and 
even more in camps, are inevitably placed, it would be expe- 
dient to try the same means of protection against typhus; but 
I do not think that the other fevers are sufficiently infec- 
tious and dangerous to call for preventive measures of this 
nature. 

With animals whose lives have only a money value, and 
the sacrifice, if such a result should follow, of a few indi- 
viduals, would be outweighed by the preservation of the 

majority, ethical considerations have no place; and the autho- 
rities of the Brown Institution could not render a greater 
service to the agricultural interest than by instituting experi- 
ments with sterilised cultivations of every one of the non- 

recurring infectious diseases of our domestic animals. 
Of course, I do not pretend to speak with the authority 

derived from a practical experience of bacteriological and 

pathological research; but journalists?who, as lookers-on, 
are able from their vantage-ground to take in a comprehensive 
view of what is being done in every quarter of the globe? 
may in the world of science, as of politics, do much to guide 
and instruct public opinion, more, indeed, than the actual 
workers, whose time and energies are wholly occupied in 
their special pursuits ; and, if I shall have induced any such 
to turn their attention to this new field, I shall find my 
reward in the success which, I doubt not, will, sooner or 
later, crown their efforts. 


