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Bacon has said "To rule nature man must obey her" and,
although this aphorism applies to all science, it is the
biologist especially who must always keep this statement
in mind. In the physical sciences the investigator is
largely without the power of choice, he must obey natural
laws. A competent astronomer or an able physicist cannot
conduct bad experiments. A physical problem can always
be expressed by an equation where all of the terms are real.
This is not true for the biologist and for the immunologist
in particular. A great many believe, and among them the
most experienced, that just as soon as one has made an
experiment one is upon the solid ground of experimental
science which can not be false. Unfortunately this is not
true. The biologist may choose the factors which enter
into the equation of each of the problems confronting him.
If he disobeys the laws of nature, that is to say, if he adopts
unreal conditions, all of the results to which these will
lead will be unreal and purely imaginary. It is only when
operating under natural conditions that he may hope to
find the true solution, and through this be placed in a
position to command nature.

*Delivered October 28, 1930.
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Let us consider a particular case -that of the phenome-
non of recovery from infectious disease. We know, through
common experience, that certain species of animals are
completely refractory to certain diseases which decimate
other species. No one has ever seen, for example, in the
course of the most terrible epidemic, a single rabbit con-
tract cholera or a single guinea pig contract typhoid, al-
though men were dying by thousands. The guinea pig and
the rabbit, as indeed are all other animals, are refractory
to these two diseases. They enjoy a natural immunity.

We know, likewise, by common experience, that a great
many of the infectious diseases do not recur or, at least,
recur but rarely. It is unusual for a man who has recov-
ered from an attack of typhoid, for example, to contract
this disease a second time. A first attack of an immuniz-
ing disease leads, therefore, within the individual, to the
appearance of a new character. He enjoys an acquired
immunity. This immunity, very strong at the beginning,
gradually diminishes at a rate more or less rapid in ac-
cordance with the disease causing it. In certain cases it
disappears completely after a greater or less length of time.

There is, in addition, a third type of immunity. In cer-
tain of the chronic diseases such as tuberculosis or syphilis
it is very evident that the patient does not enjoy an ac-
quired immunity since the pathogenic organisms continue
to develop within the lesions, but he possesses, neverthe-
less, a new character for reinfection can not occur as long
as he remains the carrier of the specific germs. This im-
munity, certainly different from acquired immunity since
it ceases at the moment when the specific organism disap-
pears from the lesion, may be termed pathogenic immunity
or, better, symbiotic immunity.

It is only natural a priori to consider the phenomenon
of recovery as being within the limits of immunity, but this
has yet to be experimentally proved. It is somewhat curi-
ous to note that this question of recovery in infectious dis-
eases, a question which would seem fundamental, has al-
ways been passed over in silence. Everyone has implicitly
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admitted that recovery was a natural consequence of the
acquisition of immunity. The reason for this conclusion
can readily be understood for all present day immunology
is founded upon laboratory experiments carried out with
guinea pigs and with rabbits. These animals have been
inoculated with cultures of different bacteria, cholera
vibrios, typhoid bacilli and others for which these animals
possess an absolute natural resistance. In them there
have been produced artificial infections which bear no rela-
tionship with natural diseases. It is in this way that nature
has been disobeyed for such studies can only lead to an
imaginary solution. Today immunology is but a pseudo-
experimental science.

In so far as recovery is concerned, a simple observation
of the facts suggests the hypothesis that this phenomenon
can not be the consequence of an acquired immunity. As a
matter of fact all of the infectious diseases are not im-
munizing. Not to mention the pyogenic infections-it is
certain that bacillary dysentery can recur at frequent in-
tervals and that the relapses are often as serious, if not
more serious, than the initial attack. As for cholera, it is
not rare to see recurrences, and all authors of the nine-
teenth century who have witnessed epidemics in Europe
have been unanimous in considering cholera as a non-im-
munizing disease. On the other hand, with those diseases
which are actually immunizing, if recovery results from
the acquisition of immunity, how are we to explain satis-
factorily the relapses which take place during conva-
lescence, at the moment when the immunity should be at
its maximum potency?

These observations suggest the hypothesis that recovery
can take place without the phenomena of immunity inter-
vening, and that acquired immunity must be a delayed re-
sult of the recovery. In order to verify this hypothesis sug-
gested by observation, it is necessary naturally to study
that which takes place within the patient at the moment of
recovery, and to do this by adopting an experimental
method which conforms to the principle of obeying nature.
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It is necessary to study the man or the animal afflicted
with natural disease to see the phenomena which take place
within him at the time of recovery and throughout the
course of convalescence. This method is the only one
which can provide a true solution to the problem.

From the beginning of my study of bacteriophagy I have
been struck by the fact that the appearance within the body
of the patient of the principle which leads to bacterio-
phagy coincides with the time when the symptoms ameli-
orate. Absent during the disease, bacteriophage appears
constantly in convalescents. Bacteriophagy is thus con-
temporaneous with recovery. In vitro bacteriophagy con-
sists of the following:

Let us take a few drops of stool derived from a con-
valescent from bacillary dysentery. Let us emulsify this
in about 20 c.c. of sterile bouillon and filter it through a
porous porcelain filter, such as the Chamberland, or
through a silica candle such as the Berkefeld. Let us add
to a young bouillon culture of the dysentery bacillus a
drop of this filtrate, and place the tube in the incubator.
At first the bouillon appears cloudy, but after a few hours
we note that it becomes more and more clear, and, finally
after about 12 hours, sometimes more quickly, it becomes
perfectly limpid. At this time all of the bacilli are dis-
solved.

Let us take, then, a new, fresh culture of dysentery
bacilli and add to it a drop of the limpid fluid which re-
mains after the disappearance of the bacilli from the first
mixture. Let us place this second tube in the incubator.
We will find that the phenomenon repeats itself, for after
a few hours all of the bacilli are again dissolved and the
liquid is clear. We may then remove a drop of the second
dissolved culture and introduce it into a third culture of
dysentery bacilli. Once more the phenomenon of dissolu-
tion takes place.

One might in this manner continue the passages indefi-
nitely, introducing into each new, fresh culture of dysen-
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tery bacilli a drop of the preceding one after all of the
bacilli have been dissolved. Far from diminishing in in-
tensity in proportion to the degree of dilution of the initial
drop of filtrate the phenomenon becomes, on the contrary,
more intense. Thus it is that after more than a thousand
successive passages I have been able to obtain the complete
dissolution of the 2,000 million bacilli contained in 10 c.c.
of bouillon, by adding the infinitesimal quantity of a bil-
lionth of a cubic centimeter of the preceding dissolved
culture.

Such experiments demonstrate that the principle which
destroys the bacteria, and to which I have given the name
"Bacteriophage," reproduces itself in the course of its ac-
tion. The phenomenon of bacteriophagy consists essen-
tially, then, in a dissolution of bacteria under the influence
of a principle which reproduces; the latter phenomenon,
that is, reproduction, being directly related to the bacteria
which are dissolved.

Various questions now arise. Is this bacteriophage
found only by chance in the intestinal tract of certain
dysentery patients, or is it a constant phenomenon? We
will return to this question later. Is the phenomenon of
bacteriophagy limited to the dysentery bacillus? I have
been able to establish the fact that bacteriophagy is a gen-
eral phenomenon. It has been possible to isolate races of
bacteriophage leading to the dissolution of bacteria belong-
ing to very varied species, such as Eberthella dysenteriae,
paradysenteriae, typhi, paratyphi, and sanguinaria; Esche-
richia coli; Salmonella schotmiilleri, pullora, suipestifer,
and typhi-murium; Proteus vuigaris; Vibrio comma; Pas-
teurella pestis, and bovis; Cornybacterium diphtheriae;
and B. subtilis. Other investigators have isolated bacterio-
phage races active with staphylococci, streptococci, and
pneumococci, and even with bacteria parasitic of plants,
such as Rhizobium radicicolum, B. tumefaciens, and B.
carotovorus. The diversity of the bacteria attacked war-
rants the belief that the phenomenon is, indeed, general,
perhaps involving all bacteria.

333



334 BULLETIN of the NEW YORK ACADEMY of MEDICINE

Various experiments show that the bacteriophage exists
in corpuscular form. One such experiment, the most sim-
ple, consists in adding to 10 c.c. of a well-grown bacterial
culture an infinitesimal trace, a billionth of a cubic centi-
meter, of a filtrate containing active bacteriophage. If a
drop of this culture is spread immediately on agar we will
obtain, after incubation, a growth of bacterial culture over
the surface of the media, and this will be spotted with cir-
cular bare areas which appear to be perfectly sterile and
are visible to the naked eye. Each of these plaques repre-
sents a colony of bacteriophage made up of millions of
corpuscles, all the issue of a single corpuscle deposited on
the agar at the time of spreading. Each corpuscle has
commenced to multiply at the expense of the neighboring
bacteria. The destruction of the bacteria and the simul-
taneous multiplication of bacteriophage corpuscles is so
active that after a few hours the area of destruction is so
wide as to be visible to the unaided eye.

For lack of time I will not discuss all of the characteris-
tics of the bacteriophage phenomenon for it is in reality
extremely complex. I will restrict myself to some of the
essential ideas. The bacteriophage corpuscle is a living,
ultramicroscopic being as is proved by the fact that this
corpuscle dissolves bacteria through the agency of a fer-
ment which it secretes. The secretion of a ferment im-
plies a metabolism and this is an essential character of
living beings. A bacteriophage is, therefore, of necessity
a virus, a parasite of bacteria.

In its action each bacteriophage is not specific, for a
given bacteriophage may parasitize and dissolve bacteria
belonging to different species, sometimes as unrelated as
the streptococcus and the colon bacillus or even the plague
bacillus and B. typho8uS. The characters of each strain of
bacteriophage are variable. There are races of bacterio-
phage able to attack many species of bacteria, others which
attack but a single species or even but a single bacterial
strain. Certain of them are so potent that they are able in
vitro to destroy and to dissolve within less than two hours
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all of the bacteria contained in a culture, while others
exercise but a scarcely perceptible, partial action.

Adaptability is an exclusive property of living beings
and the bacteriophage possesses this character to a very
high degree. There are, however, in this respect differences
between different races for certain bacteriophages adapt
themselves very readily, while others do so very slowly.
In so far as the present discussion is concerned, the most
important character of adaptability is represented by the
faculty which each strain of bacteriophage possesses of
adapting itself to the parasitism of new bacterial species
which heretofore were not attacked. This experiment of
adaptation can even be effected in vitro. It is possible,
for example, to adapt a bacteriophage which originally, at
the time of isolation, was active only upon B. coli to the
parasitism of B. typhosus. This property of adaptation is
rapidly lost in races of bacteriophage maintained under
laboratory conditions.

There is another important consideration. When at-
tacked by a powerful bacteriophage the bacterium suc-
cumbs, but if the potency of the bacteriophage is less the
bacterium is capable of resistance, in which case it then
contracts a true chronic disease accompanied by profound
modifications in its characters. With regard to the subject
now under discussion the most important of these modifi-
cations involves the variation in bacterial virulence, and
this is usually attenuated and may completely disappear.

In brief, these are the principal characters of the very
complex phenomenon of bacteriophagy.
We have seen that the principle which causes bacterio-

phagy can be uniformly isolated from the convalescent and
we are able to conclude that bacteriophagy in vivo is con-
temporaneous with recovery. Is it the cause?

In the first place let us state that the bacteriophage virus
does not appear spontaneously at the moment of recovery.
Experiment demonstrates that the bacteriophage exists in
the intestinal content of all healthy individuals where it
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grows at the expense of the saprophytic bacteria, of B. coli
in particular, which are daily ingested with the food.
Thanks to its faculty of adaptation, the normal intestinal
bacteriophage becomes able to parasitize foreign bacteria
which may become implanted, not only within the intes-
tines but in any organ whatsoever, for experiment shows
that the bacteriophage passes readily into the circulation.

In order to prove if the bacteriophage is really the cause
of a recovery it is only necessary to study patients affected
with acute infectious diseases from the beginning of the
disease up until the end of convalescence. This is what I
have done for various human and animal diseases. Here
is, in summary, what I have observed. The condition of
the patient depends upon the behavior of the bacteriophage
and recovery takes place only when the destroying potency
of the bacteriophage reaches an intensity sufficient to lead
to the bacteriophagy of the pathogenic bacteria.

I am not able, for lack of time, to describe the many
studies which I have made upon this subject during dif-
ferent epidemics in Europe, in Indo-China, and in India.
Here are, as an example, the results of the studies made
upon cholera. These results are expressed in the form of
curves, with the solid line representing the severity of the
disease as determined by the different symptoms; 10 rep-
resents the maximum severity where all of the symptoms
are present to the highest degree, 0 indicates the absence
of symptoms, that is, recovery. The dotted line presents
the curve of potency of the bacteriophage isolated from the
patient at the same time in its action upon the cholera
vibrio. Between 10 and 6 on the scale tests of potency in
vitro show that there is a complete bacteriophagy in a
time varying from 2½/2 hours (10) to 12 hours (6), below
6 the bacteriophagy is only partial, becoming less as the
coefficient drops; 0 represents no activity upon the cholera
vibrio.

As may be seen from these curves, not only is the phe-
nomenon of recovery strictly related to the behavior of the
bacteriophage, but the condition of the patient at a given
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moment is always a function of the activity of the bacterio-
phage. If bacteriophagy does not take place the patient
dies.

In bacillary dysentery, in typhoid and the paratyphoid
fevers, in different animal septicemias, and in human and
miurine plague the examination of patients reveals the
same relationship between recovery and bacteriophagy in
vivo.

It is necessary, however, to emphasize the fact -that the
phenomenon of bacteriophagy in vivo is far more complex
than that occurring in vitro. In the latter case only two
beings are involved, the bacterium and its parasite, the
bacteriophage. In vivo a third factor enters; the host.
In my first book on bacteriophage published in 1921, I de-
scribed experiments which tend to show that opsonins are
in reality the lysins secreted by the bacteriophage * cor-
puscles during bacteriophagy. Let us take two tubes con-
taining like mixtures of sensitive bacteria and leukocytes
and let us add to one of these tubes a suspension of bac-
teriophage or a solution of lysin freed from bacteriophage
corpuscles. We will find that phagocytosis is from five to
fifty times more active in the presence of the lysin than it
is in the control tube. The opsonic power of bacteriophage
has since been confirmed by various investigators, includ-
ing Golis and Jocobsohn, Weiss and Arnold, Nelson, and
Smith.

Thus opsonic action tends naturally to prevent the for-
mation of secondary cultures which are so frequent in
vitro, but even though these may be formed, a third phe-
nomenon intervenes which also depends entirely upon the
bacteriophage. I have stated above that bacteria which
resist the action of bacteriophage undergo modifications in
their characters and principally in that of their virulence,
which generally becomes attenuated and often disappears
?oiupletely. This it is easy to prove experimentally.

Three distinct phenomena, therefore, take place in vivo.
B.ecteriophagy itself, a powerful opsonic action, and an at-
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tenuation in the virulence of the pathogenic bacteria.
These three phenomena are induced by bacteriophage and
all three contribute toward recovery.

All these studies tend therefore to show that recovery
is in no way derived from a phenomenon of immunity as
had been believed up to the present time, but rather that it
is a direct result of bacteriophage in vivo. It is, further-
more, easy to prove this conclusion for it may be done. by
mneans of crossed experiments. It is possible, easy indeed,
to introduce into a culture of the pathogenic bacterium a
trace of a suspension of a virulent bacteriophage, the bac-
teria are attacked and destroyed, and meanwhile the bac-
teriophage multiplies. That which was at the beginning
a culture of bacteria becomes, after a few hours, a culture
of bacteriophage. Let us give a patient by mouth, at the
onset of sym1uptoms, a few drops of this culture of bacterio-
phage. Bacteriophagy must take place in vivo and recov-
ery must follow. The patient will not be forced to take
the chance of his own intestinal bacteriophage undergoing
an adaptation, for we can inaugurate at the beginning of
the disease, the natural processes of recovery.

I will state briefly what has been done up to the present
time in this direction. From 1919 on I have made experi-
mnents upon patients affected with bacillary dysentery,
causing each patient to ingest two cubic centimeters of a
culture of bacteriophage having a high virulence for
dysentery bacilli. In all cases, without exception, all of
the morbid symptoms disappeared within a few hours, in
from four to twenty according to the case, and the next
day the patient was definitely convalescent. Since that
time this method of treatment has been applied on a large
scale, principally in the Soudan and in Brazil.
In Brazil, as the result of control experiments conducted

by da Costa Cruz, who obtained results identical with those
which I had reported, the Oswalde Cruz Institute of the
Brazilian Government has prepared, since 1924, cultures
of a highly virulent bacteriophage for the dysentery bacilli.
These have been placed in two cubic centimeter ampules
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and distributed to hospitals, to government health officers,
and to all physicians who have requested them. This mode
of treatment has quickly supplanted all others, including
the use of antidysenteric serum, which has been aban-
doned. The results obained in the first 10,000 cases have
been published and only twco failures are recorded.

As for the Soudan, this phrase, summarizing the results,
appears in a letter of the Director of the Medical Service.
"The results of treatment of bacillary dysentery with it
have been little short of miraculous." A single failure, the
case of an infant already moribund when brought into the
hospital, occurred among several hundred cases treated.

In the year 1927 while in India, as the result of the experi-
mients of which I have spoken, I attempted the treatment of
Asiatic cholera. These attempts at therapy were made in the
Punjab, on the natives cared for in their homes and to whom
no other medication was given. Each patient received an
initial dose of two cubic centimeters of a virulent bacterio-
phage, and with the family a second dose of four cubic centi-
meters diluted in one hundred cubic centimeters of water
was left with instructions to give it to the patient by spoon-
fuls during the three or four hours following. I should
state that I merely furnished the cultures of bacteriophage,
treatment was carried out by Major Malone of the Indian
Medical Service, assisted by the other officers of the Ser-
vice. As it was impossible to enforce any one mode of
treatment, the family of the patient was free to accept or
refuse it, in the latter case usually resorting to the pre-
scriptions of the Hindoo medicine man. The majority of
the patients for whom authorization was granted were
found in a critical state; indeed, it was only because of
this that parents, despairing of saving them, accepted the
new treatment. As a control series we have taken those
cases in which the bacteriophage treatment was refused.
In spite of these extremely unfavorable conditions the
mortality in the controls was 62.9 per cent, and among
those treated with bacteriophage 8.1 per cent.

Since then Colonel Morison of the Indian Medical Ser-
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vice has applied the same mode of treatment in epidemics
of cholera in Assam and working also in the villages he has
obtained comparable results, the mortality varying from 8
to 11 per cent among the treated while the mortality among
those not treated by bacteriophage varied from 60 to more
than 80 per cent according to the epidemic.

Asheshov has treated patients in the hospital by apply-
ingy bacteriophage treatment by the intravenous route and
lie has succeeded in lowering the mortality to about 2 per
cent.

Let us pass to another disease which has a high mor-
tality and which has furnished the most striking results.
In 1926 while in Egypt I treated four cases of bubonic
)lague by injection of the bacteriophage into the buboes;

all four of the patients recovered.

In the course of an epidemic which occurred in Senegal,
Dr. Couvy, Director of the School of Medicine at Dakar,
faced with the non-effectiveness of antiplague serum in
severe cases of the disease, attempted the treatment by
bacteriophage, utilizing a strain isolated from a convales-
cent. In order to ascertain in a definite manner the value
of this treatment he applied it solely to cases of extreme
severity in whom death seemed to be certain within a short
time. "Either they appeared moribund after failure of the
serum treatment, or it was given at once to patients whose
condition appeared desperate" as he states in his paper.
Among such patients the mortality is practically one hun
dred per cent, but with bacteriophage treatment he ob-
tained 15 recoveries among the 21 cases treated. In the
course of this epidemic 8 cases of septicemia plague were
treated by serum before the trial of bacteriophage. All
of these died. Two cases treated by bacteriophage recov-
ered in spite of the fact that the bacilli were so abundant
in the blood that they could be disclosed by direct micro-
scopic examination. Of nine cases of pneumonic plague
treated by serum all died (as is well known, pneumonic
plague is without exception fatal) while one case treated
with bacteriophage recovered.
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"The action of bacteriophage" states Couvy "manifests
itself by an abrupt fall in the temperature, often the de-
fervescence is violent, a fall of several degrees. The gen-
eral condition rapidly improves. The antitoxic action is
nost sharp and the hallucinations quickly give place to
caln. The periadenitis disappears, the buboes regress, and
(convalescence takes place within a few days. One never
sees the interminable suppurations so frequent with other
iilt htods of treatment. There is no necrosis or gangrene."

Let us state in passing that the antitoxic action mani-
fested so (quickly and effectively by the bacteriophage is
absolutely clear cut, although it is difficult to explain in
the present state of our knowledge. I have observed it
not only in plague but in other toxic diseases which I have
treated with bacteriophage, cholera and bacillary dysen-
tery among others.
Let us pass on to other diseases having a high mortality.

We know that recovery is rare in staphylococcus septice-
mia, the mortality being about 90 per cent. In 1929, at
my suggestion, Dr. Davioud treated a hopeless case in the
following manner. Five cubic centimeters of a suspension
of staphylococcus bacteriophage was diluted in 500 c.c. of
physiological saline. This was all introduced intravenous-
ly, the period of injection occupying about one hour. This
is, indeed, the technic which I have recommended for all
intravenous injections of bacteriophage, and it is possible
to inject in this manner without danger of immediate shock
as much as 25 c.c. of a suspension of bacteriophage. Two
hours after the injection there occurred a strong thermic
reaction with chills. Upon the morning of the next day
the temperature was normal and convalescence began.
Eight days later the patient left the hospital, recovered.
When seen ten months later she had enjoyed perfect health.
Since then many other cases of staphylococcus septicemia
have been treated in the same manner in the hospitals of
Paris with a like degree of success.

Dutton, the first I. believe, has treated with success cases
of streptococcus septicemia, and Raiga has very recently
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treated this condition. Since here defervescence has not
taken place as quickly after the injection as in the preced-
ing cases, upon my advice he made a series of ten intra-
muscular injections of 5 c.c. each with an interval of 20
hours between each injection. Here is an example. A
woman of 28 years, with a puerperal infection was treated
simultaneously with septicemine, pyoformine, immuno-
transfusion, fixation abscesses, and antistreptococcus
serum. On the third of July, confronted with the failure
of all these methods and by the fact that the patient was
gravely ill, the physician in charge requested Dr. Raiga
to apply bacteriophage. The temperature was then 410 C.
He gave an intravenous injection of 10 c.c. of streptobac-
teriophage diluted in 500 c.c. of physiological saline. No
reaction followed. In spite of the fact that the tempera-
ture continued during the following day to vary between
40 and 41° and the blood cultures remained positive, the
condition of the patient improved and the appetite re-
turned. Since two injections of antistreptococcus serum
had been made in the two flanks there had developed iii
these regions a diffuse ligneous phlegmon. On the right
the infiltration had progressed toward the anterior region
of the thigh and had assumed the appearance of a gan-
grenous phlegmon. Purulent fistulae extended to the
knee. On the 18th of July a series of 10 daily intramuscu-
lar injections of 5 c.c. of streptococcus bacteriophage were
commenced. On the 23rd of July the slough was removed.
Upon the 31st of July the blood culture became negative
and the temperature progressively lower. The patient left
the hospital, cured, on the 31st of August.

Let us turn to still another type of disease-typhoid
fever. Since 1923 many papers have appeared upon the
subject of its treatment by bacteriophage. Some of them
(Hauduroy, Alessandrini, and Doria among others) re-
ported excellent results, while with others (Wolff, for ex-
ample) the results were negative. I believe, however, that
I have recently discovered the cause of these differences.
I will speak of them shortly when I consider the general
conditions governing treatment by bacteriophage.



BACTERIOPHAGE

For two years I have studied this question and have
made experiments in niany centers in France. One experi-
ment involving about 150 cases shows that if one adinin-
isters by mouth a suspension of bacteriophage (I have used
a mixture containing niany strains of typhoid bacterio-
plhage and several strains of coli bacteriophage) in a dose
of 2 c.e. repeated every four hours, one does not obtain a
cure in the strict sense of the word, but the disease de-
velops iii the form of a simple fever without complications.
The stools are formed and normal, the patient does not
comuplaimi of any disturbance and regains his appetite. None
of these cases have died.

On the other hand, when one applies bacteriophage by
the intravenous route in the manner indicated above one
induces in about half of these cases a strong therinic reac-
tion waith chills followed by a rapid fall in the tempera-
ture which reaches normal in 48 hours. In the other half
of the cases no reaction takes place and the disease follows
its normal course.

In view of these remarks, and it is in this direction that
I intend to continue mny studies, it would seem that an
intravenous injection of typhoid bacteriophage might be
given, continuing the treatment in the cases where the
salutary reaction does not take place, either by adminis-
tration by mouth as in the first series of cases mentioned,
or by serial intramuscular injections such as those used
in the streptococcus septicemias.

Jnt infantile diarrheas I have applied treatment by bac-
teriophage in several hundred cases, using a mixture con-
taining a large number of races of bacteriophage active
upon the different pathogenic bacilli which may be found
in the intestines of patients-dysentery bacilli of the Flex-
ner or Hiss types, Morgan bacilli, and B. proteus. Bacte-
riophage is administered by mouth in doses of 2 c.c., this
being repeated every two hours until the stools have be-
come normal. The effect is usually very prompt and in
more than 80 per cent of the cases recovery is obtained
within 24 hours. The results would certainly be still much
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more favorable if new strains of bacteriophage were added,
for it seems that infantile diarrhea is not a definite entity
from the standpoint of etiology, but that it may be caused
by bacteria of various types. By using a mixture contain-
ing bacteriophage capable of acting upon all of those bac-
teria which cause infantile diarrhea one might hope to be
successful in 100 per cent of cases. This appears the more
probable, since I have found that the efficiency of the
treatment increases as new races of bacteriophage are
added to the preparation used for the treatment of this
disease.

I will only mention here the treatment of urinary infec-
tions due to colon bacilli, for a great many authors have
studied this problem and have published their results. It
may be said that in acute infections prompt recovery is the
rule following intravesicular injections of coli bacterio-
phage active for the colon bacillus causing the disease. It
must also be said that recovery is the rule in these infec-
tions whatever the treatment employed. In chronic cases
a review of the results indicates that about 60 per cent of
the cases recover when treated by instillation into the blad-
der in conjunction with a series of subcutaneous or intra-
muscular injections. This figure is raised to about 85 per
cent if the instillations are made, not into the bladder,
but into the pelvis of the kidney involved. It should be
added that it has not yet been possible to isolate strains
of bacteriophage acting upon all the cultures of coli which
may be found in chronic cases. In a given case of chronic
infection caused by this organism it is first essential to
determine whether the bacillus of the patient is attacked by
a stock bacteriophage. If it is not, it is essential to utilize
an "autobacteriophage." This difficulty is not present in
other diseases, for with the exception of B. coli races, we
iiow possess strains of bacteriophage which are polyvalent.
Bacteriophage treatment of staphylococcus infections

has been very extensively applied. Since the general prin-
ciple of the method consists in placing the bacteriophage
in as intimate a coitalc't as is possible with the pathogenic
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bacterium it is essential in staphylococcus infections to in-
ject directly into the focus. Since such injections may
often be very painful one may, as Jaquemaire has shown,
mix with the staphylobacteriophage a quantity of a suitable
anesthetic, novocaine for example. This treatment has
uip to the present been applied in thousands of cases. For
example, Raiga alone has reported the results of this treat-
mnent on more than 1,000 different cases, Churman Rices
300 cases. The series of Larkum is very large, and Hal-
phen has used the treatment in 600 cases of tonsillar ab-
scesses, etc. Other types of staphylococcus infection have
been treated with equal success, such as furunculosis, car-
buiicles, paronychia, abscesses of all kinds, of the gums, of
the breast, and rectal abscesses. It has been used in
phlegmons, in infected wounds, and in osteoinyelitis. All
investigators who have used this mode of treatment in
these different infections are unanimous in stating that
the results obtained are far superior to those secured with
other methods. This is especially true as regards the
rapidity of the action and the absence of scars, which of
course are very significant in connection with lesions of the
face. One interesting fact recorded by several authors
and which I have observed upon several occasions is that
very quickly after the first injection of bacteriophage into
the pyogenic focus the painfulness disappears completely.
The patient who, prior to the intervention, was continually
Loaning, after one or two hours experienced a sensation
of euphoria. This action is especially striking in the case
of certain very painful abscesses, those involving the anal
region for example. This is not a specific action in par-
ticular patients, but is a general effect.
One other type of infection should be mentioned briefly,

that is, the treatment of chronic bronchitis, of angina, and
of coryza by means of a mixture of different races of bac-
teriophage active for those organisms which may be iso-
lated from the throat in these conditions. The bacterio-
plhage is here applied by spraying the nose and the throat.
I have seen the results in about 300 cases of these different
conditions treated in this way and in from 60 to 70 per
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cent recovery was rapid. As is the case for other diseases
in which the specific germ varies, the results would cer-
tainly be improved with the addition of new strains of
bacteriophage to the stock.

I must end this lecture in which, for lack of time, I have
been forced merely to cite facts without entering into the
details of each particular case, with a few general con-
siderations.

Treatment by bacteriophage has been, I believe, demon-
strated to be the specific treatment par excellence, since it
leads to recovery through a mechanism identical with that
of natural recovery. Because of its nature one may hope
to obtain results only when the bacteriophage administered
is endowed with a maximum potency against the patho-
genic organism involved. As we have seen, it is possible to
isolate very powerful races of bacteriophage, other races
are less active and in some the action is very weak indeed.
Any attempt at treatment with any type of bacteriophage
of low potency is to court a certain defeat. The sine qua
non of success is the utilization of bacteriophage races
selected with care.

I would add a second statement, one which is equally
important. I have recently discovered that the therapeutic
effect of a bacteriophage is the stronger the more recently
the bacteriophage has been isolated. After a series of
cultures in the laboratory, and although in vitro the vir-
nlence of the bacteriophage is maintained intact, it loses
more or less quickly its power of acting in vivo. Prelimi-
nary studies already indicate that this attenuation of in
vivo action is due to the fact that gradually, as cultivation
continues, the bacteriophage loses the faculty of adapta-
tion. In plague, for example, this attenuating behavior is
oso marked that after four or five laboratory passages the
bacteriophage has lost all therapeutic action. Neverthe-
less, this same race, tested in vitro, shows no weakening in
its ability to attack plague bacilli. The same facts have
been noted in cholera, and it is probably true also for
typhoid fever. WAlith the staphylococcus bacteriophage, on
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the contrary, it would seem that the therapeutic action
may be maintained for a very long time through passages
in vitro. This attenuation of action in vivo is caused by
the passages in vitro, and is not due to the period of pres-
ervation, for a bacteriophage which has undergone but two
or three of these passages and is then preserved in sealed
ampules retains its properties intact for many months or
even for several years.

A third observation may be made. Whatever the disease
under consideration the bacteriophage must be adminis-
tered in such a way that it can quickly come into contact
within the body with the bacteria which it is designed to
destroy. This condition can always be readily met, since
one has only to select the mode of administration suited to
each particular case. The question of posology is of no
very great importance, since the bacteriophage commences
to multiply just as soon as it comes into contact with sus-
ceptible bacteria. Theoretically a billionth of a drop
should suffice provided the bacteriophage corpuscles are
placed in contact with the bacteria which they are to de-
stroy. In vitro this fact is readily demonstrated, but it is
not the same in vivo. However, since the bacteriophage
has no action upon the cells of the body and since, as a
result of this, it is possible to administer an unlimited
quantity without inconvenience to the patient, even if the
diagnosis is erroneous, and since it is always desirable to
induce a rapid destruction of the pathogenic bacteria, it is
in general wise to administer reasonably large doses. In
relation to this subject I might state that as a result of
laboratory experiments which have been poorly interpreted
I have recommended that intramuscular or subcutaneous
injections be not repeated. Subsequent experiments have
shown that such a statement was not justified and that it is
often possible to administer a series of ten or fifteen large
doses, that is 5 to 10 c.c. without causing any inconvenience
for the patient.

If I may now make a final recommendation, I would say
that bacteriophage destined for therapeutic usage should
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be prepared in accordance with a proved technic. It
should not contain bacteria and it is, indeed, easy to dem-
onstrate whether this condition is fulfilled. Suspensions
of bacteriophage are perfectly clear despite the fact that
billions of bacteriophage corpuscles are present. The
slightest turbidity in an ampule indicates a certain con-
tamination and such material should not be used.

Bacteriophage therapy is still in its infancy and many
studies are still necessary before we will learn all the re-
sults that we may anticipate, but that which has already
been done in many diseases justifies the belief that this is
the specific treatment par excellence and that it will attain
a wider and wider application.


