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Its Pheno .enon, Nature, and Behavior.

In introducing the phenomenon oi the beoterioph o, e 
shall first consider the circumstances which offered a veil
ed sag, estion thst such a phenomenon existed.

2he first instance in which this action was observed 
was in the course of the investigation of a bacterial dis
ease affecting locusts. 2he disease was first noted in 
ilexico in 1909 where whole swarms of the Insects succumbed 
to the infection (1 ). £he disease, as it occurred naturally 
was prim.-rily a septicemic condition, accompanied by intes
tinal disturbances, i'he pathogenic microorganism, Coeeo- 
bccillus acridiorum, was present in the intestinal fluids 
in great sbund.'nce. Inasmuch as these locusts constitute 
an insect pest, it seemed that it .dght be possible and dis
tinctly adv;nte eous to artificially implant this natur 1 

epizootic among the colonics made up of larval forms . nd 
thus destroy the harmful insects in large numbers. 2he 
prep; ration of cultures for the mass infection of tho col
onies of insects involved the isolation oi the virulent 
coecob. cillus from the intestinal contents of locusts with 
an experimental laboratory infection. On several oce.sions 
the culture tubes used for isol tion, or for transplanting

(l). D'Herelle,!1., She Bacteriophage and Its Behavior.



the cultures, yielded colonies which were of indented 
irregular contour, or, in the midst of a group of con
fluent colonies there were at tines areas entirely free
of growth. This absence of growth is now known to be due 
to the ction of the bacteriophage.

In .August, 1916, an adult with a severe bf ciliary 
dysentery was under treatment in the Pasteur Hospital.
Each day about ten dror>s of the stool were collected t nd 
placed in a tube oi' boullion. Throughout the duration 
of the disease, all of the tubes gave normal cultures of 
B. dysenteriae. One day, the tube prepared the day b ore, 
remained sterile. Investigation showed that the patient 
gave evidence of notable improvement, and, as appeared 1. t 
this was shortly followed by definite conv;. lescense.

Hankln, in studying the bactericidal property of the 
water of the Jumna and of the Ganges rivers, states that 
the water in these rivers possess an extremely marked an
tiseptic action for bacteria in general, and for tie choler 
vibrio in particular. Thus, the ater of the Jumna, as it 
left the town of Agra, contained more than 1 0 0 , 0 0 0 bacteri; 
per cubic centimeter, while some five kilometers further 
down the bacterial count was reduced to but 90 to 1 0 0 or
ganisms. Hankln also showed that the antiseptic principle 
was destroyed by boiling*

Haffklne observed repeatedly that boullion tubes in- 
ocul&ed with the contents of a plague bubo, after becoming 
immediately turbid throught the development of B. pestis,



became within the sp. oe oi' a few hours absolutely cleared.
During the war, while stationed at Tiflis where he 

h. d charge of the sanitary control of the water of the 
hours river, iiliavu observed the following phenomenon, The 
water under examination was added to a peptone-’.vat or 
medium, .after incubation for a few hours a specimen removed 
from near the surface of the medium showed microscopic liy 
an abund;nee of Vibrios with a normal form. Transfers to 
agar gave a light dull layer of growth which was micro
scopically composed of a culture Oi the vibrios, -one 
twelve hours later, from both the peotone-water and the 
agar, all trace of the vibrios had disappeared.

Twort(l), in the course oi his experiments upon the 
filtrable virus of vaccinia, obtained on cert-in of his 
agar slants inoculated with the glyeerinated vaccinal pain, 
a culture of a aioroeoccus of which certain colonies pre
sented a vitreous and transparent aspect. The mieroeoecus 
had been reoleced by fine granules. At other times he 

obtained a film of growth showin spots composed of the 
same vitreous material* These colonies slowly spread over 
the entire culture, the microouccus everywhere being trans
formed into granules. .hen a pure culture of the micro- 
cocous was touched with a platin* m wire which had previously 
been in contact with the vitreous material, a soot of the

(1) Twort, P.,/., An Investigation On the nature of the
Ultramicroscopic Viruses.



same nature developed and e. tended gradually over the whole 
surfact. The action was feeble on cultures previously illed.
The vitreous substance, when diluted, passed through a >or~ 
celain filter, for a drop of the filtr te transformed nor
mal healthy culture into one of the vitreous appear nee.
The transformation process began in isolated points and rab
idly extended over the surface. However, if some portion 
of the normal culture never came in contact with the fil
trate, the healthy grov/th regained the advantage and ex
tended over the vitreous stratum but without effecting its 
destruction. The m terial of transparent and vitreous 
nature maintained its activity for at least six months. It 
resisted a temperature of 52 degrees C., but was destroyed 
at 60 degrees C. Twort also obtained similar results with 
an organism of the colon group, and with a large bacillus 
not belonging to the colon group isol ted from the into tin- 
al contents of fn infamt suffering from diarrhea. In both 
cases the material transformed the normal culture into matter 
of a vitreous aspect.

i’rorn these first observations it was deduced th t there 
was an organism or substance present, which, if it cotl be 
cultured and grown for different specific diseases and b; o- 
teria, would do much toward curing and eradicating disease, 
lor this reason very intense study and experimentation has 
been performed to discover the nature of the bacteriophage, 
the mechanism of baoteriophagy, and all other characteristics 
which might aid in making the bacteriophage a factor in the 
eternal struggle against disease.



^ 1 1 of the facts which have been recognised up to 1 e 
present time have been confirmed by all who have invest
igated the question. It is known now of what the phenom
enon of bacteriophagy consists, 1'he phenomena themselves 
have never been the subject oi controversy, and because of 
their definiteness, it might be said because of their vio
lence, and because of the facility with whioh they can be 
reproduced, they cannot be controverted, Ihe facts are 
recognized to be correct, i’he most recent work appears 
to affirni the curative properties of cultures of the bac
teriophage, I’he only point at issue is the conception of 
the nature of the active principle. it is known that the 
agent which causbs the bacteriophagy exists in the st te 
of invisible corpuscles, and that these corpuscles mul
tiply during the course of their action, solely at the 
expense of living bacteria,

i'here are three hypotheses as to the intimate nature 
of these corpuscles, namely; one, that bacteriophagy may 
be caused by the presence of a foreign chemical principle; 
second, that bacteriophagy may be effected through the . c- 
tion of a principle, either chemical or living, derived 
from the bacteria which undergo bacteriophagy; third, that 
bacteriophagy may be caused by a living principle foreign 
to the bacterium,

The first hypotheses, namely, that bacteriophagy may 
be caused by the presence of a foreign chemical principle,



has been sponsored by kabeshima (1 ). According to this 
author, there is within the intestinal tr ct of an animal, 
a catalyzer, derived without doubt from the leucocytes, 
which causes the dissolution of bacteria by activating 
some pro-ferment normally present in these bacteria.

It cannot be admitted that a chemical principle, 
whether it be termed catalyzer or enzyme, derived from 
the tissues of an animal, is able to reproduce at the 
expense of bacteria, since this implies the power to 
tr nsform "bacterium substance" into "catalyzer substance". 
To adopt this one must admit one of t o  things, either one 
must accept such a transformation and endow the catalyzer 
with the power of assimilation, that is, make it a living 
being, or one must assume the cat lyzer to exist preformed 
in the bacterium. And if one accepts this second inter
pretation he falls into the second of the possible hy po
theses, which will be considered later. If on the other 
hand, one cannot admit either the one or the other of the o 
two alternatives he is confronted by an absurdity, for such 
a chemical principle , Incapable of reproduction, would 
quickly be eliminated in the course of successive passages. 
At that time when, bee use of dilution it would no longer 
be present as such, it would no longer be able to function,

(1). Zabeshima, T., Compt. rend, Soc. de biol., 1920. (2)

(6)



and serial activity would necessarily ce?. se.
Those hypotheses, of whatever nature they may be, whioh 

attempt to attribute the phenomenon of bacteriophagy to the 
introduction into the first suspension of the series of 
some "chemical principle" foreign,to the bacterium which 
undergoes lysis, whether this principle is designated by 
the name catalyzer, soluble ferment, or by any other name, 
is, from a mathematical point of view absurd, and con
sequently, cannot be accented.

The second hypotheses, that which holds for a prin
ciple derived from the bacterium, admits of four solutions, 
manifestly, in the first place, the principle may be an 
abnormal product elaborated by the b cterium, in whie . c go 

it can only function as a pathological ferment, or it ia;/ 
be a normal ph/eiological product present in all bact ria.
Upon further t nalysis, each of these two concepts may !> , 
interpreted in two different ways * The principle elabor to 
by the bacterium, whether it be physiological or pathological, 
may be assumed to be either inert or living. The general 
hypothesis, therefore, consisting of the concept that bac
teriophagy is a phenomenon of dissolution caused by a prin
ciple elaborated by the bacterium itself, is open to anyone 
of the four solutions:

First, that the principle ia abnormal and inert. If 
this is true it can only be an "autolysin" resulting from 
a vitiation of the bacterial metabolism. The first to do at 
this concept were Bordet and Ciuca (1). Their theory com-

(1). Bordet, J., & Ciuca, , Compt. rend. See, do biol., 
1920; (3).



prised two ide/ a ; first, under the action of some oroduct 
elaborated by the leucocytes the bacteria undergo a nu
tritive vitiation le; ding to their dissolution, and second, 
the nutritive vitiation is hereditary, a conception ren
dered obligatory to explain the continuity of action in 
vitro, since obviously the original leucocytic product 
must disappear in the course of successive passages*

Second, that the principle is abnormal and livin .
In this case it can only be a fragment of the bacterium 
freed at the moment of dissolution, and incidentally it 
must be a fragment which ret- ins its capacity to mul
tiply. An hypothesis of this nature h s not yet been 
formulated, and has found no supporters. Despite its 
strangeness, it would not be, however, any more illogical 
than the preceding. Basically, it would be even less so.

Third, that the principle is normal and living. It 
is then an autolytic enzyme elaborated by all bacteria.
This hypothesis together with that assuming the living 
nature of the bacteriophage, has shared in attracting the 
greatest number of supporters. Some of the great number 
who have definitely declared themselves a being in f vor 
of the idea of a normal autolysin are: ..ollstein,
Gildemeister, da Costa Cruz, Davison, Otto Hunter, and 
'..inkier, Bachmann and Aquino, Pico, Hiessner and Baars, 
and a great many others. Bxperi lent shows, ho./ever, th t 
the principle responsible for bacteriophagy is not a con



stituent of normal bacilli; hence it cannot be an autolysin. 
It is quite possible, though, that an autolysin plays some 
part in the phenomenon» But however that may be, the prin
ciple which is the essence of the phenomenon, which assures 
the continuity in series, is not itself an autolysin, since 
it is not present in the normal bacterium.

Fourth, that the principle is normal and living. Here 
again it most still be a fragment of the bacterium, retain
ing the roperty of multiplication, and a normal constituent 
of all bacteria. Shis is the hypothesis of Bail(2). 2he 
f<cts of the phenomenon show that Bail's theory, as well 
as the other concepts which would derive the bacteriophage 
principle from the bacterium itself, do not choose to be 
hampered by the facts.

She third hypothesis, that which holds that the bac
teriophage is a living being, foreign to the bacterium, 
is the most probable, hll of the hypotheses designed to 
explain the phenomenon of bacteriophagy either as a result 
of the presence of a chemical principle, enzyme or cata
lyzer, foreign to the bacteria, or as the result of a 
vitiation os the bacterial metabolism under the influence 
of a chemical principle, are, by virtue of the fact of 
serial action, inadmissible simply because they are m th
ematically absurd. On the other hand \?e have direct oroof 
that the bacteriophage principle cannot be an autolysin

(<i). Bail, 0 , Bull. Techn. d. 5c. med., Geneva, 1925. (4)



and that this principle cannot be present in the normal 
bacterium which undergoes dissolution, i’he result, then, 
is obvious, for of all of the hypotheses advanced or which 
it is possible to formulate to explain the phenomenon of 
bacteriophagy, only one accords with the f;. cts and with all 
of the facts. That one is the hypothesis which considers 
the phenomenon as being caused by a filtrable virus, by an 
ultramicrobe parasitizing the bacteria, hut even if all 
of this is true this conclusion can, logically, only be 
considered as a presu ntion. In order to transform this 
presumption into a certainty it is essential to provide 
direct oroof of the living nature of the bacteriopha e 
principle. This will be taken up later.

It is expedient, at this time, to differentiate be
tween the words "bacteriolysis” and "bacteriophagy". 
Bacteriolysis ia characterized, not by an actual dis- 
sllution, but by a disintegration, a cellular fragment
ation with a partial dissolution of certain elements.
The action manifested by the bacteriophage is wholly 
different. It comprises phenomena of which the final 
result is a digestion such as leads to a total dissolution 
oi the bacterial bodies. It is a bacteriolysis in the 
true sens© of the word, but the word bacteriolysis ia 
often employed to designate processes differing entirely 
from dissolution. The suffix "phage" is used not in the 
strict etymological sense of "to eat", but in that of



"developing at the expense of".
She process of bacteriolysis never results in complete 

dissolution. She end product is a semifluid mass, which, 
examined microscopically, shows cellular debris along with 
a greater or less number of cells more or less profoundly 
modified. She decree of disintegration depends some ;hat 
uoon the type of bacterial cells employed.

On the other hand, a bacterial suspension, or a cul
ture in a liquid medium, in which complete bacteriophagy 
has taken place becomes a perfectly clear medium, all of 
the bacterial cells being dissolved. In it, under the 
highest magnification, either in the fresh state or aft r 
staining, will be found neither microorganisms nor r a m i  a.

D'Herelle (1 ), in a series of experiments, showed 
that bacteriophagy occurs in a bacillary suspension con- 
taing 1 0“^cc« of bacteriophage filtrate, while the phe
nomenon fells to take place in the suspension with the 
next higher dilution, 10~1 1co. The best possible explan
ation of this fact is that the bacteriophage exists in 
corpuscles,

what happens then would be exactly of the same nature 
as that hich tahea place when tubes of sterile bouillon 
are planted with serial dilutions, ever more and more 
dilute, of a bacterial culture. The tube of bouillon which 
receives one drop of a sufficiently high dilution will bo 
implanted with but a single bacterium, but it will yield,

(1). d'Herelle, h \ , The Bacteriophage and Its Behavior.



after incubation, a culture as abundant as that of another 
tube seeded with several million of the same bacteri •
On the other hand, the tube which receives one drop of the 
next dilution, will not yield a culture, for the drop in
troduced did not contain even a single bacterium* hither 
there will be growth or there ill not be growth* mid, 
in the same way, btcteriophagy either occurs, or it does 
not occur* There are no intermediate gradations.

After experiments of this kind with the organisms Is. 

dysenteriae. Staphylococcus aureus, J3. coli, B, typhosus, 
and B. peetis, (1), it is found to be definitely proven 
that the bacteriophage exists in the form of corpuscles.
In brief, the concentration of the bacteriophage principle 
in a suspension where bacteriophagy is to take place is of 
little importance, for the phenomenon to occur the necess
ary and sufficient condition is that at least one bac
teriophage corpuscle be introduced into the suspension of 
organisms.

whatever the nature of the medium, in the absence of 
a susce tible bacterium the bacteriophage corpuscles do 
not multiply. Bor is the multiplication to be observed 
even though the medium be favorable for the phenomenon if 
the corpuscles are elaced in contact with killed bacterial 
cells. The method of killing the bacteria is without

(1). d'lorelle, F ,, The Bacteriophage and Its Behavior.



significance# The Living bacterial cell is indissensible 
for the multiplication oj the b cterioph ge eorpuscle (1 ). 
Indeed, it is even essential that the living cell be nor
mal, that is, not exposed to the action of substances .ich 
may modify its characters appr ciably even though t ey do 
not kill it.

hile it is in general true th t the bacteriapha e 
corpuscle multiplies only in the presence of livin nd 
normal bacteria, it is likewise true that under v ry par
ticular conditions, as observed by oilman, and various 
others, a certain amount of bacteriophage development 
appears to take place in the absence of intact bacterial 
cells. oilman concluded, after num.rous experiments, 
that even though b cteria were not present the bacterio
phage commenced to develop because oi the presence of 
certain diffusible bsclll; ry products.

It is necessary, then, to conclude th at the mul
tiplication of bacteriophage corpuscles c; n take nlace, 
at least to a certain degree, in the absence of the bac
terial cell, end that for this development the cor
puscles utilizes certain diffusible roducts present 
in the culture of susceptible bacteria. In any case, 
it is certain that these diffusible products can be 
ttilized by the b eteriophage corpuscle only immediately

(1). d'aerelle, a ., Oompt, rend, ê; d. sci., 1917 (5 ).



after their derivation from the bacteriuia.
In vie7/ of the fact th t it is possible to enum r te 

i the b; otorionhcg-e eor ur.cles recent in ; liqui: , a
now ga s om e het forther into the moohanisni of the phe- 
nomenon of bacteriophagy.

One of the first questions to consider bears upon 
the sphere of activity of the bacteriophage. If, in an 
appropriate liquid, v.e combine bacteriophage corpuscles 
and susceptible bacteria, do the corpuscles act at a dis
tance or must they first come into i/mediate contact ith 
the bacterial cell?

D*Herelle (&), after a number of experiments, asserts 
that the corpuscles do not act at a distance, but that 
there is a fix tion of the bacteriophage corouscle to the 
ausceptible bacterium. This fixation of the bacteriopha e 
to the susceptible bacterium constitutes then, the first 
act of bacteriophagy. This fact is accepted by all author . 
The only difference to appear in different experiments 1 
the tiie requisite for the fixation, and this varies ith 
the bacterial species and with the race of the bacteriopha e( 
as well as. with the reactions of the medium, the temperature, 
and other environmental conditions,. * 

f

(2 ). h ’Herelle, i.., The Bacteriopha e and its Behavior.

(14)

£



'i’he course oi fixation ia exactly opposite to th t 
observed in the fix tion of ag lutinins. ,e must regard 
the fixation of bacteriophage corpuscles to the bacteria 
as a nhenomenon of colloid nature--and nothing could oo 
more legitim; te since all of the reactions of living 
matter are colloidal reuctions--and it would be stran a 
indeed if bacteriophagy formed an exception*

It ia assuredly true that as yet we do not know t ie 
intimate mechanism oi the process, yet we may unquestion
ably affirm, without appearing too ra ical, that it is 
a colloidal process. I’his however, means but little 
since this is true for all ol the phenomena 01 live. 
Beyond this statement all we oan definitely say is that 
the first phase of bi.cteriophagy consists in the anp- 
ro.‘ch of the bacteriophage corpusole to the bacteriu , 
and that this is followed by its fixation to the bac
terial cell.

Unque; tionabl , the actual fixation is elective,
as all experimental data indicate. But with regard to 
the process which leads to the contact between the b o- 
teriopha, e corpuscle and the bacterium there is a ques
tion as to whether it is i. passive phenomenon or whether 
it is a true chemotaxis.

It might be assumed that the corpuscles, in violent 
motion because of the brovwnian motion which animates then, 
become fixed only when they come into contact with a sus



ceptible bacterium. „ith these the fixation ia then elec
tive, but it tales lace only after contact is efiected.
In this connection Habelik. (1) has recently published some 
exoeri ments which enforce the conclusion that areal che.io- 
taxi. exists bet /een the bacteriophage corpuscles .. n - 
ceotible bacteria.

„ith the bacteriophage fixed to the bacterium, docs it 
re.,lain adherent to the surface or does it penetrate to the 
interior of the cell?

D'Kerelle (b) holds that the bacteriophage does enter 
into the bacterial cell. He states that, under microscopic 
observation, the bacterial cells begins to inflate,gra
dually bocoming completely spherical. After a variable 
length of time the spherical cell bursts or explodes. 
Immediately after the explosion, in the place of the spher
ical cell there remains a slightly cloudy floccule which 
slowly dissolves. He concludes that his observation is 
direct proof that the corpuscle develops and exerts its 
action within the bacterial cell. Bestriction of the 
bicil i would be an entirely different process if the dis
solving action were exert, d on the exterior, She spherical 
form end the bursting process prove beyond doubt th.t the 
operating force is internal( d'iierelle) and that it is in 
this internal position that multiplication takes place.

(1).habelik, J., and lukula, h., Compt. rend, boc. de biol.
19£5, (6 )

(£).d'Herelle, i., The Bacteriophage and Its Behavior.



according to D'Kerelle, b cteriophagy always ta es 
plaoo in the same manner; the sequence oi events is always 
the same, She bacteriophage corpuscle must invariably be
come fixed to the bacterium to exercise its action. Des
truction of the bacterium is always accomplished by burst
ing. The bacteriophage corpuscles always multiply within 
the bacterial cell and are always liberated with the rup
ture of this cell. But the time required for the fix
ation to take pi ce, the time necessary for the bacterium 
to undergo rupture, the number of young bacteriophage cor
puscles developing within the bacterium to be liberated 
with its rupture, all vary in each particular case, 
according to a multitide of conditions which vary from 
one experiment to another. Some of these conditions 
which affect the rate and time of multiplication of bac- 
teriopha e corpuscles are: the temperature, the state
of the b. cteria in the culture, the conditions of the 
medium.

On the other hand, Bronfenbrenner (1) states th t 
while the sv/elling of bacteria under the influence of 
phage has been repeatedly observed by others than d’Herelle, 
its constancy or its importance as a factor in the dis
appearance of bacteria has not been generally accepted.
She impression gained by sever 1 workers is that only 
comparatively few bacteria undergo swelling, and that the

(1). Bronfenbrenner, J., "She Bacteriophage", She he or 
knowledge of Bacteriology and Immunology,



great majority of bacteria disappear without undergoing any 
visible change. Uoreover, it h: s been indicated that swo
llen bacteria do not end ut> by bursting, but, on the con
trary, they appear particul rly resistant and disappear 
very slowly, if at all.

Among the very first of the facts revealed by the 
early studies of the bacteriophage, was the observation 
that bacteriophage principles, as isolated from natural 
sources, presented very considerable differences. Sub
sequent study has afforded abundant confirmation of this. 
Just as there ore races which provoke within a few hours 
a total dissolution of all of the b cteria to be found 
in a turbid suspension, so also there are other r^ceo of 
so low an activity that their presence oan be detected 
only by the demonstration of the rare and minute pla
ques which they form upon agar.

After conducting a number of experiments, d’Herelle (1 ) 
showed that when bacterial suspensions, identical except 
for bacteriophage material, are inoculated with equal 
quantities of different filtrates a complete dissolution 
of the bacteria is not always obt ined. She experiments 
showed th; t different b cteriophage races, although ac
tive for e single strain of bacteria, present a whole 
range of potencies, aome of the races cause a prompt 
and complete dissolution of heavy suspensions; others

(1 ). h'Herelle, jr., She Bacteriophage and Its Behavior.



can be detected only by the formation of minute plaques, 
iiet een these extremes are all intermediate degrees of 
activity.

We know that the bacteriophage princile is formed 
of oorpuscles. D'Herelie believed that the differences 
in activity as manifested by different filtrates were 
due, not to a qualitative difference among the corpuscles, 
but rather to a difference in the number of corpuscle 
present ithin a given volume of the different filtrate ; 
that the very active filtrates contained a large number 
or corpuscles, while those which were weak contained 
but few.

It is unnecessary to in; ert here the many experiments 
performed for the purpose of ■'roving that the multi
plication of the bacteriophage corpuscles is always 
proportionate to their activity. .All have given prac
tically the same results: fhe more active the bacterio
phage, the greater the multiplication of corpuscles.
.<ith a -higa-bactoriophage of low activity a single 
corpuscle yielded only seventeen millions after twenty- 
four hours, while under the same conditions, a single 
corpuscle of a very active race gave, in the same length 
of time, 1 2 , 0 0 0 million per cubic centimeter. ith 
these two races the increase with the second is 700 
times that of the first. .All other experiments along 
this line show very similar results.



Different races of the bacteriophage may be isOl.ted 
which possess virulences for bacteria belonging to dif
ferent species. On the other hand, the degree of viru
lence for each of the bacteriophages possessing an 
activity for a given b cterium is in its very nature 
variable. It is, therefore, evident thet there are under 
natural conditions, an infinite number of different 
races of bacteriophage corpuscles.

i'rom the time of xJasteur it has been known that in 
a single bacterial culture each of the bacteria possesses 
certain characters which are peculiar to itself and 
differentiate it from the associated organisms, even 
though all of the organisms present the general characters 
belonging to the species, i-ttch qualities as vitality, 
resistance to heat and to antiseptics differ for every 
organism within a culture.

i’he bacteriophage, just like the bacterium, is of 
corpuscular nature, and different races of the bac
teriophage, just like different strains of bacteria, 
possess different virulences, we may carry this 
analogy even farther and state that in a given sus
pension of a bacteriophage each corpuscle possesses 
a particular virulence.

we may again revert to analogy to show the mode of 
increase of virulence. It has been proven that the 
virulence of a bacterium is capable of being increased 
by successive passages ithin the body of a sus



ceptible animal. Shis is likewise true lor the bac
teriophage. She virulence of a bacteriophage may be 
exalted by successive paasages in suspensions of a 
susceptible bacterium (1 ). .Also, just as in the 
cose of bacteria, it is possible to cause an atten
uation of virulence in the bacteriophage corpuscles 
by means of exposure to high temperature.

It has b-en seen that certain races of the bac
teriophage are virulent for only a single bacterial 
strain, while others are virulent for ill strains 
of a given st eoies. furthermore, it has been 
stated that still other races are virulent not only for 
all stroins of single soecies but also for strains of 
bacteria belonging to different species, sometimes to 
speoies rather remotely related. As a matter of common 
observation it has been found that a given race of the 
bacteriophage, when derived from the organism, is rarely 
active for but a single bacterial soecies. Usually 
at this ti e it attacks a number of species and possesses 
for each of them a var ing degree of virulence{£)•

It has been seen further that because of variations 
in virulence a given race of the bacteriophage may v ry 
materially at different times# All of the combinations 
of virulence, in uality as "ell as in quantity, being

(1). D'Herelie, f ., The Bacteriophage —  Its Hole in 
Immunity.

(£). D'Herelie, P., The Bacteriophage and Its Behavior.



possible, that is to 3ay, in the range of the action 
against various bacterial species and in the intensity of 
the action for each of the strains of these different 
species, one can readily understand, in view of the 
infinite number of possible combinations, that there 
can be no two races of the bacteriophage vdiich can bo 
absolutely identical.

If one introduces a bacteriophage possessing multiple 
virulences into a bacterial sus ension prepared by mixing 
cultures of several different susceptible bacterial 
species, bacteriophagy occurs, but not all of the organ
isms are attached with the same intensity. Bacterio
phagy is complete for the species toward which the 
virulence is maximal or very high, it is partial for 
others, end is, indeed, the less marked as the virulence 
for the organisms is the less pronounced. Bet as a matter 
of fact, whether the bacteriophage acts upon different 
susceptible organisms separately or whether it acts up
on mixtures of these bacteria, the attack occurs in 
just the same manner.

The behavior of bacteria ith regard to bacterio
phage corpuscles does not escape a general biological 
law: One which might be termed the"law of reaction”. 
Bacteria attacked by bacteriophage corpuscles react 
and may acquire a resistance such as to afford a true 
immunity. According to ti 0 virulence of the corpus
cles, tc the tendency to resist on the part of the



bacteria, and to the conditions oi‘ the moment, the one or 
the other of the t o  antagonists finally predominates.
If it is the bacterio -hage which is victorious, the 
medium in vhich bacteriophagy talr.ee place remains clear 
indefinitely, it being a pure suspension of bacterio- 
ohage corpuscles. If the bacteria succeed in acquiring 
an immunity, the medium again becomes cloudy, as a 
result of the development of resistant bacteria. Here 
there is a "secondary cult ure", (1) •

These secondary cultures result from a phenomenon 
Of selection, not oi bacteria naturally endowed wit re
sistance, but oi certain bacteria which possess a fac
ulty for the cquisition of resist n e. In a given 
suspension the number of bacteri capable of acquiring 
resistance is the greater as the virulence oi the bac
teriophage is the le;s.

The resistance acquired by a bacterium does not 
manifest it. elf solel toward the race of the bacterio
phage in contact with which the resistance has been 
acquired, but against other races as well. A bac
terium which hn,s once become refractory to the action 
of one r ce oi bacteriophage is refractory to the ac
tion oi all other races.

experiment shows that the protopl a a of bacteria 
which have acquired a resistance is a le to destroy

(1). dBerelle, F., Com t, rend. Soc. de biol., ly&O ( 7 ) .



b; cteriophage corpuscles (1). This experiment flay demon
strated fact renders plausible the hypothesis that the 

j couisition of resistance by a bacterium takes pi ce
after "recovery", that is to say, as the result of the 
destruction of the eorouscles ithin the protoplasm of 
this bacterium, A b* cterium poim essing a moderate degree 
of resistance may destroy bacteriophage corpuscles of 
low virulence. A refractory b< eterium may destroy cor
puscles of maximum virulence.

Secondary cultures result from an inhibition of the 
bacteriophage corpuscles by substances secreted by the 
bacteria which are reacting to the action of the bac
teriophage, Inhibition is most outspoken when the cor
puscles are of low virulence. Through the influence of 
the reaction opnosed by the bacteria to the b.cterioph e 
mutation are produced. These are almost always transitor 
disappearing along with the cause which produced the i, 
but occasionally permanent. These mutations may involvo 
all of the characters of the bacterium; among othe s, 
morphology, bio-chemical char, cteristics, agglutinability, 
which is usually diminished, vitality, which is usually 
increased, or virulence, al-o usual y increased but aorae- 
ti .os abolished. With regard to morphology, bacilli in a 
state of active resistance take a cocco-bacill. ry form,

(1). d’Herelle, i>., Compt. rend. Soc. de biol., 1918. (b)
*

(24)
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oven oaaumning a delinite coccus form. They beoome 
surrounded by a capsule. ,hen the bacteriophage is 
eliminated there is usually a return to normal form, 
nevertheless, it appears that under certain undetermined 
conditions a fixed ut tion involving morphology may 
take place.

She f* t that from all naturally mixed cultures 
it is possible to obtain, on one hand, bacterial strains 
henceforth ultrapure, that is to say, not admixed with 
the bacteriophage, and on the other hand, bacteriophage 
cornuscles free of the bacteria, shows beyond any poss
ible doubt that in such strains the bacteriophage cor
puscles represent an impurity in the bacteriological 
sense of the word.

The studies and experiments made up to the present 
time show that the following b. cterial species are sus
ceptible to bacteriophagy: B. dysente-iae bhiga, B.

»

dysenteriae Hiss, B. dysenteriae ilexner, various in
testinal bacilli, B. gallinarum and related organisms, 
Pasteurella bovis, B. pestis, B. typ osus, B. para- 
typhosus A, B. paratyphosus B, B. suipcstifer, B. enter- 
itidis, B. typhi-murium, B. coli. Bacillus of Pried- 
lanaer, Bacillus of x lacherie, 13. proteus. Bacillus of 
s ine fov r, B, diphtheriae, nodule bacteria of leg-

(B5)
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uminosae, B. subtilis, Vibrio oholerue, staphylococcus, 
Bnterococcus, Streptococcus. (1).

Up to this point we have dealt only with the phe
nomenon of bacterionh, gy, its mechanism, the virulence 
of the corpuscles, the resistance of the bacteria to 
bacteriorh, gy, and the species of bacteria susceptible 
to bacteriophagy. We shall now consider the bacterio
phage corpuscle itself, its behavior and nature.

.After numerous experiments, d’Herelle (£) came to 
the conclusion that the bacteriophage corpuscle was about 
the same size as the molecule, or better, the micella, 
of serum globulin. Prausnitz, in his experiments, dis
covered that the diameter of the bacteriophage corpuscle 
is approximately £0 mu-mu. Experiment seems to show that 
the b; cteriophage corpuscle undergoes a shrinking with 
ageing, is a matter oi fact, when comparative filtrations 
through membranes of approximately the same porosity are 
made it is found that corpuscles which are £0 days or 
more old pass through membranes which hold back young 
corpuscles, therefore, it may be said that the greater 
the age of the corouscle, the more it decreases in size.

The bacterioph. ge corpuscle having a diameter of 
£0 to SO mu-mu, and being insoluble in w. ter, necessarily 
possesses colloidal properties. ithin a culture medium

(1). d'Herelle. P., The Bacteriophage and Its Behavior. 
(£). d ’Herelle, P., Compt. rend. Soc. de biol., 191c (6)

(£6)



it is a colloidal "micella" whatever may be the intimate 
nature of the substance of which it is formed. The 
bacteriophage is either a living being or a product 
derived from a living being (bacterium); and such beln 
the ease the "substance” of the bacteriophage corpuscle 
must be either of linoid nature or of protein nature.
Be Poorter and uaisin (1), after a series of experi
ments, concluded that the substance of the bacterioph 
is not a lipoid, and this being the case,it folio □, 
therefore, that the bacteriophage corpusole is made up 
of a protein substance.

Mb  to the vitality of the bacteriophage corpuscle, 
it may be said to be, in general, very high. -Although 
the number of corpuscles diminishes very considerably 
rlth preservation for several years, the viability is of 
muoh the same order as is that of bacterial spores.
The vitality of a single bacteriophage differs according 
to the bacterial species hid has contributed to its 
development. The virulence becomes attenuated more 
quickly for some than for others, and for this reason no 
general rule may be fixed.

Bach race of the bacteriophage, and even e ch in
dividual bacteriophage, behaves at different times in a 
different manner toward harmful agent:., either physical 
or chemical. This individuality does not stop even here, 
for with a bacteriophage which is multivirulent the

(l). Be Poorter, x ., and ilaisin, J., iirch. internet.
pharmacod., 1921. (9).
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different virulences exhibited at the same time are not 
equally sensitive* i&cposed to a given agent some of 
the virulences disappear, while others are ret ined.
The resistance of bacteriophage corpuscles to the action 
of chemicrl agents is inter :ediate bet; een that of vege
tative forms and that of spores of B. subtilis* ns for 
temperature, reststance is in dixect roportion to t e 
virulence, for .1th a single bacteriophage, the weak 
virulences disappear first, the stronger virulences 
later*

In connection with the variability of the resistance 
of the bacterioohago corpuscle, let us examine some of 
the effects of various physical and chemical agents 
upon the bacteriophage.

The effects of irradiation on the bacteriophage 
are very similar to the effects on bacteria* The corpus
cle is ra Idly destroyed by ultraviolet rays, while it 
is not destroyed by radium emanations, just as is the 
case ith bacteria*

The bacteriophage corpuscles, in general, are quite 
resistant to temperature. It a temperature of ap
proximately 75 degrees Centigrade, the bucterioph re 
becomes completely avirulent, irrespective of race.
The different corpuscles of a single suspension are in
activated by exposure to very different degrees of heat
ing. ..ith some an impairment in activity appears at a 
tern eruture as low as 45 degrees Centigrade* The temper



ature of apparent in^otivation is related to the virulence* 
with a single race of the bacteriophage having multiple 
virulences, these virulences disappear in the order of 
their intensity, the weakest first*

In the action of acids and bases upon the bacterio
pha e corpuscle, the intensity of the virulence, just as 
is the case with heat, plays a determining role, within 
li iits, unon the effects obtained. In a 0.5 per cent, 
solution of mercuric chlorine, the corpuscles are des
troyed after four days. A one per cent, solution ox 
copper sulfate destroys the bact riophage in four day . 
However, with sodium chloride, irrespective of coucen- 
tratio , no destruction of the corpuscles takes place.

The bacteriophage corpuscles are destroyed in less 
than 48 hours by the action of 90 per cent alcohol. A 

one percent phenol solution destroys the bacteriopha e 
after contact for seven days, The bacteriophage is des
troyed by pure unuiluted glycerol in less than eight days, 
in certain cases even within 24 hours.

All of the arguments which have been advanced thus 
far by the adherents of the diverse hypotheses concerning 
the nature of the b. oteriophage corpuscle are indirect 
arguments, that is to say, arguments which tend only to 
show that such and such a fact "explains better" such 
and such a hypothesis. Ouch arguments are valid only



through intcrprotation, and eaoh iay be interpreted accord
ing to the taste of the individual; it is purely a question 
of dialectics, logically a demonstration must be based on 
direct arguments, that, is, on arguments which are not sub
ject to interpretation, arguments which inherently exclude 
all hypotheses other than the one which they support. In 
this way only can an hypothesis be transformed into a cer
tainty.

iixperiment demonstrates that the bacteriophage is an 
autonomous being, independent of the bacterium at the ex
pense of which it multiplies. By virtue of the fact th<t 
this autonomous being multiplies at the expense of the 
bacterium, heterologous with respect to itself, it xust 
necessarily transiorm a heterologous substance into a 
homologous substance, a substance distinctively its own 
substance, and consequently it is endowed with the power 
ox assimilation* Experiment also she s that the bac
teriophage corpuscle is able to adapt itself to adverse 
conditions, The corpuscles therefore possess the fac
ulties of reproduction and of variability. The bac
teriophage corpuscle possesses, therefore, precisely that 
combination of characters which permit us to recognize 
that a being is living, and anything which possesses the 
criteria of life is necessarily living. (1)

(1). d'Herelle, Jr., The Bacteriophage— Its Hole in
Immunity.



The living state can only depend uoon one of the two 
following conditiona: either life resulta from an organ
ization, or it results from a phyaico-chemical state of 
matter. Up to the pres ent ti le the first theory, the 
cellular theory has been almost universally accented.
The fact thf t the bacteriophage corpuscle has been demon
strated to be a simple protein micella, and that it is a 
living being, shows th t the cellul r concept oi life is 
erroneous. Of necessity, then the second .ltermtive 
must be true, life results from a particular physico
chemical state of the protein micella.

With cellular beings, in particular with the meta- 
zoa provided with a digestive apparatus, assimilation is 
complete. That is, the substance of the food is trans
formed into substance identical with that of the being 
which assimilates. With the bacteriophage corpuscles, 
or protobes, and also with the bacteria, experiment 
demonstr- te; that assimilation is incomplete. .Although 
the substance of these beings is essentially different 
from that of the foodstuffs consumed, nevertheless, it 
varies with the nature of the food, .s is proven by the 
variations in antigenic properties. As a result of these 
variations, which ; re common to the protobes, or cor
puscles, and to the microbes,— to bacteria at le; st,—  

there occurs a great v fir lability among different repre
sentatives of a species, Bach race of the Bacteriopha e



presents special characters subject to variation from 
ti e to time*,

According to d ’Herelle (1), the facts of multiple 
virulence and of an experimental adaptation to the para
sitism of a species previously un?ttacked, show that all 
r ces of the bacteriophage belong to a single species, 
the special characters oi each race leing acquired by 
adaptation. However, while several authors claim to have 
observed such a transformation of phage, others have 
found that this phenomenon is by no means frequent, and 
many,investigators have been unable to accomplish such

V

/an adaptation of phage, even to closely related species 
of bacteria (£).. hone of the arguments adduced by the 
partisans of the idea oi a plurality of species of the 
bacteriophage cun be shown to be valid, for the facts 
upon which these arguments are based are observed just 
as clearly within a single race of the bacteriophage as 
araohg different races.

Having considered the phenomenon, nature, and 
characteristics of the bacteriophage, we shall now con
tender the behavior of the bacterioph ge protobe, or 
oorpuscle; first as an anti; en, then in connection 
with disc; se and epidemics, and finally in immunization

(1)• d'Herelle, i.. The Bacteriophage and its Behavior. 
(£). Bronfenbrenner, J., "The Bacterio ’'-hage", The He . er 

no.rled e of Bacteriology and Immunity.

(3£)



and specific therapy with bacteriophage suspensions.
The normal habitat of the b cteriophage protobe 

is the digestive tract of animals, where it finds con
stantly the sole foodstuff at the expense of which it 
subsists, living bacteria. But this does not mean that 
the bacteriophage necessarily remains confined to the in 
testine, as a matter of fact, it may be found in the 
urine, in the blood, and in other physiological ;xnd path
ological products. Although the presence of the bac
teriophage in the intestine is a constant occurrence, 
when it is found elsewhere its presence is incidental, 
and this fact suggests that when it is found outside of 
its normal habitat it must have come from the intestine 
after passage into the circulation. However, the pre
sence of the bacteriophage protobe within the body does 
hot lead to any disturbance and is not accompanied by 
any visible symptoms such as would indicate its presence 
Bacteriophage corpuscles introduced into the body by a 
parenteral route behave like the spores of saprophytic 
bacteria, They are eliminated quickly from the circula
tion, and are to be found last in the spleen.

The repeated injection of any animal with suspen
sions of the b cteriophage causes the appearance in the 
serum of an anti-bccteriophagic property. This anti- 
bacteriophagic serum does not destroy the bacteriophage



corpuscles; the effect is rather an inhibition of their 
action. This inhibition of bacteriophagic. action hy an 
antiserum has no points of resemblance to a neutraliza
tion of a toxin by the homologous antitoxin. In this 
case the inhibitory effect is not that of a sensitizer. 
The nature of the reaction of an antibacteriophagic 
serum upon the bacteriophage is not distinctive; this 
type of re ction is common to all anti-protobian sera.
The injection of a protobe (ultra-virus) of any kind 
into an animal leads to the appearance of a specific 
"anti-virulin" in the serum. Just as the intensity of 
the antigenic properties of different races of the b c- 
toriophage is highly variable, so the sensitivity to the. 
inhibiting action oi an antibaeteriophagio serum within 
a single bacteriophage suspension varies groatly from one 
cortuscle to another.

Within the intestinal tr ct of every man, and of 
every animal, there is a race of the bacteriophage living 
in symbiosus with B, coli and the other bacteria of the 
normal flora. In the normal man the intestinal bacterio
phage usually shows a virulence only for the strain of 
B, coli with which it is maintaining a symbolic relation
ship. But to this there are many exceptions, cases where 
the virulence extends to different bacterial species. 
However, the bacteriophage is not present in the inte - 
tinal tr, ct of the fetus, nor is it iounci in the ne -



born infant. In the infant it appears, as a rale, sometime 
between the fourth end seventh days after birth. In the 
normal animal the intestinal bacteriophage can be demon
strated somewhat more readily than in man. 1'his is due 
to the f ct that in the animal the virulences of the race 
present almost always extend to the dysentery and para
typhoid bacilli.

.Everything which, under natural conditions, has once 
been exposed to pollution by excreta, may contain bac
teriophage protobes. It is always present in the water 
of some rivers, in cultivated soils, and often in sea 
water near the coast.

i'here is then, in the intestinal tract of each man 
and of every animal a r ce of the bacteriophage. Un
questionably we can consider this point as established. 
Experiments in vitro hove shown that this bacteriophage 
has the power to adapt itsell to the parasitism of diff
erent species of bacteria. Under certain circumstances 
it can probably adapt itself to any and all species.
These t o facts being true, the logical question is: 
v.hat happens when a pathogenic bacterium gains access 
to the digestive tract of a being which already has 
within its intetine a bocteriophage protobe to para
sitise this bact riom?



She observations (1) made in b. ciliary dysentery, 
in the typhoid and p ratypboid fevers, and in avian ty- 
phosis, show that the behavior of the intestinal bue- 
teriophag toward a pathogenic b cterium which becomes 
implanted in the intestinal tract varies. This behavior 
is determined, (1) by the conditions found in the intes
tine, end (£) by the hereditary characters of the bac
teriophage and of the bacterium.

The behavior of the bacteriophage may be summar
ised as follows:

If all of the conditions of medium and of characters 
work to the advantage of the bacteriophage, its virulence 
immediately increases for the invading pathogenic bac
terium. The result is the immediate elimination of the 
uacterium before it can develop within the Individual 
and oanse any disturbance.

If the conditions are less favorable for the bac- 
teriopha e, its virulence increases less rapidly, bac
teriophagy taking place aft r a longer latent period.
The result is that after a few mild symptoms the dis
ease is aborted.

k.hen the virulence of the bacteriophage is built 
up only after a considerable delay, the disease folio vs

(1). d ’Herelle, r ., The Bacteriophage and Its Behavior.



its course up to that time wlen the acquired virulence 
permits a complete bacteriophagy; the result is that at 
this time the symptoms of the disease regress, diaappe r , 
and the individual enters uoon convalescence.

i/hen the virulence of the bacteriophage is enhanced 
very slowly and the delay in increased activity permits 
the b cterium to acquire a resistance, or when the bac
terium at the time of invasion already h s  a resistance 
acquired outside of the body now invaded, a struggle 
takes place, the contending forces being the virulence 
of the bacteriophage on one hand, and the resistance of 
the bacterium on the other, and the condition of the 
patient reflects the ups and downs of this campaign.
1'he result here may vary; if the conditions of environ
ment and heredity favor the bacteriophage, the virulence 
permanently overcomes the resistance, complete bactorio- 
phagy telling pi ce; convalescence is established. If, 
on the contrary, the conditions favor the bacterium, it 
acquires a refractory state, it is able to develop with
out hindrance; the individual dies.

fhen, as a 1 st possibility, the intestinal bac
teriophage remains ine t, the bacterium develops freely 
without any necessity for acquiring a resistance; the 
result is the death of the individual.

2he bacteriophage does not remain confined to the 
intestine, but pas. es into the circulation, from there

(37)



into the tissues, and thence to the lesions where baetar 
are to be found upon which it ean exert its faculty of 
assimilation. Xhe result or this migration ox the b c- 
toriophage is an nin vivo” bacteriophagy with an elim
ination of the invading microbe, xhis has been proven 
experimentally by d'Herelle and others to be the case 
in typhoid infection of the rat, in avian typhosis, in 
bubonic l&gue, in typhoid fever, in staphylococcus in
fections, and in streptococcus inxections. I’his process 
ox”in vivo" bacteriophagy is not restricted to animals 
however. It also occurs in plants, as in the case of 
the leguminosae infected with B. radioieola. (1)

nuring an epidemic we find, reproduced on a large
scale among a community of individuals, the struggle
which occurs vithin the single infected individual be
tween the b cterium and the protobe.

The bacteriophage protobe is transmissible from 
one individual to another just as is the bacterium it
self. Xhe history of an epidemic is, in the last anal
ysis, the story of an infection with two microorgani :ms. 
2 he epidemic ceases at the moment when all susceptible 
individuals harbor a bacteriophage active for the cau
sative organism of the epidemic* either the bacterio-

(1). d'Herelle, x ., ihe .aact riophage and Its Behavior.



phage has acquired virulence in the body of the indivi
dual ho harbors it, or this individual has been "con
taminated" by a bacteriophage which has acquired a viru
lence in another individual for the specific bacterium 
involved.

The behavior of tho bacteriophage protobe during 
an epidemic is always the same, hether it be a dise ee 
purely intestinal in nature, as bacilloxy dysentery, 
a disease both intestinal and se ticemie, as avian 
typhosis, a pure septicemic disease, as barbone in the 
buffalo, or a septicemia with glandular localizations, 
as bubonic plague. The study of an epidemic of any 
one o f  the above diseases shov;s, in a word, that the 
history of the contagion reflects, in the last analy
sis, the story of the struggle between the two agents —  

the pathogenic bacterium and the bacteriophage pro
tobe —  and since this last is transmissible from 
individual to individual the Immunity is contagious in 
the same sense as the disease itself. The beginning 
of an e izootic is marked by a diffusion of the bac
teria, the end by a diffusion of bacteriophage virulent 
for these bacteria.

-hile quite an efficient immunity has been ob
tained in several natural infectious diseases, there has 
been a notable lack of success in endeavoring to im
munize against experimental diseases. The reasons for



this are multiple* In the first place, it is illo i ~ 
to assume that one can take any suspension oi the bac
teriophage whatever and inject any quantity whatever into 
any kind of an animal and thus obtain an immunity* In 
the second place, the question oi the experimental ani
mal is another factor oi consequence* This is shown very 
clearly by the fact that, stimulated in some way by an 
injection of a suspension of the bacterioohage.buflalo 
and cattle acquire a solid and durable immunity against 
hemorrhagic septicemia, while, on the contrary it has 
been quite impossible, in spite of lany attempts to ob
tain the slightest immunity in rabbits.

Experiments have been carried out for immunization 
in three very different infectious diseases: first, an
infectious disease in which the portal of entry oi the 
causative agent is the intestinal tr ett avian typhosis; 
second, a septicemic disease, barbone of the buffalo; 
and third, a toxic disease, caused by injection of a 
rabbit with Shiga bacilli. These experiments have been 
carried out under different environmental conditions.
In general, the mechanism is always the aa..e; the only 
difference ia that immediately ac. ulred exogenous immunity, 
that is, the immunity which is due to the presence of 
the foreign principle in the body, is transitory in an 
uncontaminated environment, and permanent in a contam
inated environment.

(40)



The antitoxic immunity which develops after the in
jection of bacteriophage suspensions is also endogenous 
in origin, due to the inoculation oi the bacterial pro
ducts present in the suspensions. These products seem 
here to be iound in a physical state particularly adap
ted to exciting an antitoxic response on the part of the 
animal body.

The experimental studios upon the possible util
ization of the bact riophago protobe in the treatment 
of infectious disease, comprising a very considerable 
number oi oases, show that the use of the bacteriophage 
represents a specific therapy for rel tively few infec
tions. The outstanding achievements in bacteriophage 
ther; p, — phagotherapy— relate to bacillary dysentery, 
-Asiatic cholera, and bubonic plague, diseases not very 
prevalent in the United states (1). In this country 
the staphylococcus bacteriophage has been extensively 
employed in the treatment of boils and the coli bac
teriophages in the colon bacillus infections of the 
urin;ry tract. Perhap3 greater importance may be 
attached to the successful use of bacterioohnges in 
the treatment of the common iorms of blood poisoning 
in which the staphylococcus or the colon bacillus has 
established itself in the circulating blood.

(1). Mac heal, hr. ard J., "Using the memy of Bacteria 
to Cbmbafc Disease," literary Digest.

(41)



She use of bacteriophage corpuscles to combat them h : 
been successful in a considerable number of instances.
In this type of disease the bacteriophage is sometimes 
the agent which decides the issue bet eon life and death.

In conclusion, it aay be s id that oven in spite of 
the fact that all of the extensive study and experiment
ation which has been done up to the present tine on the 
bacteriophage corpuscle has added comparatively little 
to the prevention or eradication of disease and infection, 
hevertheleas, this study and experimentation has brought 
forth almost boundless possibilities of this organism 
which some day may be used to great advantage in the 
struggle bet een nan and bacteria*
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