
THE BACTERIOPHAGE 

EARL Do MCKI~L F:Y * 

From the School of Tropical Medicine of the University of Po rto Rico under the 
auspices of Columbia University . 

I n six previous articles which have recen tly appeared in this pub­
lication under the title of "Filterable Virus and Rickettsia Diseases in 
the 'l'ropics " we have described th e various diseases affecting man 
which fa ll into these two groups. It has been th ought fitting to 
continue this seri es with two other papers, one dealing with the bacte­
riophage and the other with the intracellular inclusion bodies which 
are associated with 'several virus diseases. 'l' he present paper deals 
with t he bacteriophage, it s properties, nature and ob ervations con­
cerning the clinica l aspects of its usc in various diseases. 

DEFI NITION 

The word bacteriophage mean's t'bacteri a eater" and represents 
the term applied to a bacterial lytic principle by d'IIerelle(1) in 1917. 
At present the bacteriophage can only be defined a a"substance", 
"agent", or "principle" which is filterable through the finest 
porcelain fi tel'S and which is capable of bringing about th e dissolution 
of certain bacteria. Some inve tigators regard the bact eriophage as 
a living filterable virus; others believe th e lytic principle to be of th e 
nature of an enzyme; while there arc those who think of this" agent" 
as a product of bacterial dissociation, autolysis, or as an here ditary 
by-product of t he bacteria. Since opinion has been so divid ed during 
the past decade over which thi s agent ha been tudied, it is impos­
sible to define accur ately its nature. Of its properties and activity 
we know more. At present we consider the bacterioph age a filterable 
lytic agent, active in extremely ,high dilutions, capable of increasing 
in quantity at th e expense of the lysed bacterium, and as a " 'sub· 
stance " almost constantly present in the in te tines of man and animals. 

HISTORY AND DISTRffi UTION 

In 1915 Twortf") publish ed a paper entitled" An investization 
on the nature of Ultramicroscopic viruses". In this paper Twort de­
scribed certain transparent areas in a culture of st aphylococci in 
which no eoeei grew. Touching one of these transpa rent areas with 

• This is the s."enth of I eeri ra of artieles taken from a moo oln'aph 00 Fi lt er able Viru.t 
&lid� RickettaJa diaea- by the author. (Philippine Jo=al 01 Bcien ce Mar-June, 1929.) 

'1! 
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a ster ile platinu m loop and then drawing the loop across the surface of 
a twe nty-four hour ag ar cultu re of staphy lococci, hc found afte r a few 
hour's, a . treak marking t he track of the loop which had become clear 
an d t r anspar ent. Fi te ring the mat erial from these transparent areas 
th rough a Bcrk efrld filter , he fo: 11(1 that the filtrate would dissolve 
and kill most of t he oruanisms in fresh staphylococcus cultures ev n 
in dilu t ions of one t o a mill ion . It is interesting to note th at the 
fir t desc r ip tion of a ly t ic p r in ciple for bac teria, which is t ransmissible 
in ser ies, was d iscovered in a eul u re of an organism which is Gram­
pos it ive. Except I'OJ' t he ol» ervation of Hankin in 18H6 th is is th e 
first printed recor d concerning the bact eri ophage. IIankin (3), nearly 
t\ 'en ty yea rs befo r e, described the bac teri cidal action of the wat er of 
Ihe Ganges and -Iumnn r ivers ill India for the cholera vibrio hut the 
idea of bac te r iophage YIIS far b vond his imagination . To 'I'wor t th en 
belon gs t he honor for being t he first to br ing this phenomenon to the 
attent ion of other investigators. 

P revious to 19] 6 d 'H er elIe was inter ested in a pecul ia r di sea se a f­
fecting locusts wh ich h e believed to he caused hy a filterable vir us 
althoug h a cocobac illus was easily culti vated from in fecte d locusts and 
frequently presented cult ura l ir r egul arit ies which puzzled him. Some 
colonies of this haeillu posse sed ident ad irregular contours and at 
t imes t here were areas enti re ly free f rom growth . d Tlarello was 
inclined to consid er this disease as being caused b~· II filterable v.ru., 
hut having all "associated" organ ism, the cocobacillus, such as exists 
in hog cholera. Experiments carr ied ont upon this di sease of locusts 
led u p to his ob ervat ion of the bacter iophage. In one of h is books 
on th su bj ect of th e bacte r iophag e d Tleroll e descr ibes his first ex­
perimen ts which led to t he d iscovery of t he bact eriophage in the 
st ools of dysent ery pa tients. H e states " In A ugu st , 1916, an ad ult 
with a severe bac ill ary dyscnter v (Shiga) W IIS unde r treatment in the 
Pasteur H ospital. !~ ac h day about ten drops of the stool were col ­
lect cd a nd placed in II tu be of bouillon . .\ftel· incubat ion over night. 
th e suopension was filtered t hro: gh a Cham berlan d can dle. In to SOIU A 

bouil on. previously in oculated with Sh iga bacill i, about ] 0 d rops of 
this filt rate were placed. and th e mater-ial was retur ned to th e in­
cuha tor at :37° . . , . Thronghout t he d urat ion of th e di sease, all of 
the tubes, prepa red each day in the same manner , ga ve normal cultures 
of B. d yscnf erire . On e day . th e t ube prepared the da y before re ­
ma in ed ster ile. Investi gation showed that th e pa ti ent gave evidence 
of notable improvemen t , and, as appear ed later, this was shortly fol ­
lowed by definite convalescence. . . To the bouillon thus inoculated 
and contain ing filtrate, and which had r emained to all appearances 
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sterile, a su pen sion of 'higa bacilli derived from a fresh azar culture 
was added to yield a marked turbidit y. This tube was placed in t he 
incubator. After abo t ten hours it was again clear.. . This, of 
course , made it at alice apparent th at my first hy pothesis was of neces­
sity false, the trut h of th matter bein g that the fecal material used 
i;l preparing tile filt rat e contu.nerl something \ -hich di , 'ob cd t :' l! 
dysentery bacill i. N svertheless, my fir t hypo thesis had one virtue, 
since, as it had led me for suc h a long t ime to consider the question 
of a virus pathogen ic for 'the man or th e ani mal it offered th sug ­
gestion that th e dissolving principl e might be a vir us path ogenic for 
the bacterium." 

Thus the d iscovery of the bacteriophage W IlS made by d 'H erelle in 
the 'stools of dysentery patients and the filterable virus theory of th e 
natu re of th e bacter iophage was conceived, Dur ing the past ten 
years , as will appear in subsequent discussion, d'II .relle has attempted 
to prove his th eory of th e virus na ture of the bacter iophage and much 
experimental work has been presented upo n the par t of other investi­
gator in opposing this view which, to the con ervat ive mind, has 
appeared fantastic and a conclusion unwarranted hy the facts vhich 
havs been presented in its favor . 

That there exists diverse strains of bacteriophage is now well re­
cognized. Sewage universally contains bacteriophage. Consequently 
r ivers receiv ing sewage fro m towns and eiti e frequently contain dif­
ferent st rains or bacterioph age. We h~ " e isolat ed such strain from 
various streams and sewaze supplies in America, Por to Rico and th ~ 

Ph il ippines. Isolation of bacterio pha ge active against the colon bacil ­
lus is a very simple matter with sewage a's a source of material. 
Strains of bacter iophage have also been isolated from th e stools of 
man and ani mals, from th e uri ne and blood of pat ients, from old 
laborat ory cult ures , from the nodules of plants, fr om th t issues of 
man and animals, and from the intestines of silk worms. From t he 
Pasig ri ver in the Philipp ines we ha ve isolated bacte riophage act ive 
against B. coli, B. t yphosllS, B, dysentcricc Shiga. an d B . dsjsenterio: 
Fleen er, In th is stream untold numbers of carabaos wallow du ring 
evcry hour of the day. B'\"ereta from such animals have heen found 
11,\" Basaca to he loaded with bacterioph age. Bacter iophage has been 
isolated f rom th e water of th e Seine by Dumas f") and ollinst") has 
reported its presence in t.he Huron river in Michigan . I t can he stated 
definitely that all st reams receiving . ewage will be found to contain 
bacterio phage lyt ic for some organism, pract icall y always for some 
st rain. of B. coli. The bacte ri ophage then originates in the intestines 
of man and an imals and perhaps other for m. of li fe such a insects, 
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etc. ince the inte tina l tract of man and animals is unive rsally 
contaminated with B . coli, a comn eusnl miero-orgnnism, it is suggested 
that the bacteriophage is in many in. tances associated with this bac­
terium or some other bacte rial form . Experi mental evidence to sup­
por t this sugges tion will be p resented. 

T H EORIES CON CERN~G TilE N.\ TURE 010' THE R.\CTER IOP IIAGE 

Several theories or hypoth ses have been suggested to explain the 
phenomenon of bacteriophagy. d Tlerel le, since h is first work with the 
lytic principle, has considered th e bacter iophage as a l iving ultra­
microscopic and filt erable virus, for eign and par asitic to bacteria. 
Kabesllima (6) has suggested that th e bacteriophage is a chemical 
principle foreign to the bacter ium. This au thor suggests th e pos­
sibility of a cataly tic substa nce in the intestinal t ract of animals 
which brings about th e dissolution of bacter in by activ at ing some 
pro-ferment present in the bacteria. Bordet and Cuica C ) uggested 
the idea that bacter ia undergo a nutritive vitiation under the influence 
of some product manufactured by leueoeyt es, and further that th is 
vitiation is hereditary since the phenomenon is transmissible in­
definitely in series . d 'Herelle speaks of t his concept a's the hypoth­
esis of an " abnormal inert principle". Kuttner f") explains the 
nutritive vitiation of th e bacterium upon the basis of some ferment 
present in the inte t inal tract of animals. A similar idea t o that of 
Bordet aud Cuiea has been sugge ted in one of our own publications 
on this subject]"). Lisbonne and Carrere (10) hav e sugge ted the 
theory th at the bacteriophage is the result of a bacterial antazonism 
Seiffer t (11 ) has suggested an exogenous autolysis as the cause of t he 
phenomenon. DoeIT(1~) thinks of the bacter iophage as a toxin which 
affects the bacteri al metabolism. Th is author would place other 
agents such as the viruses of rab ies, vaccinia , encephalit is lethargiea. 
and sarcoma al oin thi s category. A largo number of investigat ors 
favor th e idea that the bacter iophage is simply a product of normal 
au toly is. d 'Herella replies to the proponents of t h.is th eory that it 
is st range that the bacteriophage ph enomenon occurs with young 
bacteria having no natural autolytic tendency, and does not take place 
with old bacteria which autolyse spontaneou ly. Bail( 13) believes 
that the lyt ic principle is normally present in the bacteria and is a 
living substance. There is also the possibility that the lytic principle 
may be abnormal to the cell, yet living an d derived f rom the bacteria. 

The hypothc es concerning the nature of the bacteriophage are 
man y and in fairness one must state that d 'Herelle has present ed a 
theory of tha nature of bacteriophage which no one has , as yet, been 
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able to refute completely and by e. pe rimenta l evidence p rove that 
he is wrong. Argum ents based upon careful experimental work have 
been presented for most of these opposing t heories but no 'single clear ­
cut experiment has as yet been performed which will p rove any one 
of these hypotheses and disprove d ' Ilcrellc 's idea of the l iviug filt er ­
able virus nature of the lytic principle. We do not advocate the virus 
th eory of the bacter iophage beca use we feel that the experimental 
evidence so far advanced does not p rove its living nature but in all 
ju stice towards d 'Herelle it must be adm it ted t hat he has presented 
a t hesis in his living virus theory of th e bact eriophage whic h is almost 
convincing and one which is exceed ingly di fficult to discredit. F or II 

detailed disoussiou and analysis of the various hypotheses which hav e 
been advanced to explain th e phenomenon of bacteriophage, the 
reader is re fer red to d 'llerelle 's books on the su bject, 

BACTERU 1"OR. WHICH 1,v"'J<: P HIN RIP U :'':i ]I An; HIU';, T DESCRIBED. 

A wide var iety of bacter ia have been fonnd susceptible to th e 
phenomenon or hacteriophagy, 'I'he list incl udes B. dyscnt erire Shiga, 
Hiss, and f<'lexlle r ; B. gallillarum: Pasteur ella bouis : B. pestis ; B. 
fy phoslIs, Pa m .It and B j B . .euipestijer; B. ent erid it is; B. t y ph. i­
1/I111"i1l1ll ; B. coli; Friedlaiuler bucillus; B acillus of Plucherie; H. 
l 'ro t el'~: Bncill.us of Swine fever; B. diptitlier.te : Nodule bacteria of 
lcguminosre , B, subtilis; Vibrio cholen e] , the i"t(lphy lor.{)ccu.~, Enic­
IO COCCIIS} lind Streptococou«; B. 7J'Y0cYa1lells.: p seudo-bactet-iophage 
for B . Anthracis ; Th irinopk ilic bucillu»; T 60 and PsychrophiUc 
bacteria. 

PI«)PERTIES OF T.IIE BACTERIOPHAGE 

It is well re cogn ized t hat there exist many different st rains 01' 

races of bacteriophage. It has also been well established that all 
xtra ins of bacte ri ophage arc filte rable through ul t r a-filters. It ha: 
fur ther been demonstrated hy d 'IIerelle. Bronfenbrennor and Korh 
e<), ourselYcs ( Hi) aud ot hers that the lyt ic p r inciple is particulate. 
According to d'Herellc these particles arc about the size of th micella 
(If serum glo bnlin. P rausn it z f !") st ates that the diameter- of th e 
bacteriop hage pa r ticle is about the size of th o micella of colla rgol used 
i!J his experiments, or abou t 20 milli-ruicrons. Yon Angererf "') gives 11 

figure of 30 milli-microns for it s diameter: Jotten (!8) and Arnold P") 
have descr ibed experiments which demonstrate beyond doubt that th e 
bac teriophage is diffusible through the agar upon which is plante d th e: 
bac ter ioph age with its susceptible microorgan ism. The bacteriophage 
is evidentallynon-vola t ile although it may be carried over in distillate: 
t,y droplets if care is not t aken to prevent this. By titration it has 
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been shown by d Tlerelle an d ot hers that pa rt icles of bacte riophage 
tend to sediment to t he bottom of a vessel on st andin g and to some 
deg ree by cent r ifu gatio n. That the pa r t i 'les are certainly un evenly 
distributed in a l iquid sus pension has heen in dicated in our work. 'I'hc 
baetoriophage is not soluble an d exist only ill suspension, perhaps 
in a enlloida l st at e. W ol1man( ~O ) t hoi g-h t that he was able to di gest 
the lytic prineiplo wit h t rypsin hu t fnrther work indicated th at th i':ol 
destruction is on ly pa rti al. The possibility exists t ha t in hou illon 
the bact eriophage pa rriel is adsorbed on t o p votein molecules. T his 
is indicated hy th e fact that the p re i iitnte form ed f rom bou ill on h ~' 

the addition of acetone or al cohol is found to contain the lytic p ri n ­
cipal in a very high concentra t ion . d 'H erc lle st at e's th at one st rain or 
ba cteriophage has remained aliYe in a sca led am poule fo r n ine years. 
H e says " \Yhen fi rst prepared th ere were over 2000 million corpuscles 
per cubic cent imeter. after four years t he uu mb or was r dueed to only 
100 million , aft er nine v r-ars to h 11. 40 mill ions. " The bacteri ophage 
" multiplies" in an alkaline med ium t hough a few stra ins have been 
descr ibed whi ,I I "mult ipl.v " ill all acid medium. In general the bac. 
teri phage par t icles flocculat e linn et' t he in fluence of acids (Da Co: ' II 
Cruz) a phenomenon which also occurs with the ma jor ity of bacteria. 
Since these bacter ia carrv a negat ive electric charze it foll ows t.ha t the 
ba cteriophage part icle is also charged negatively. d 'H erelle terms it 
II " negat iYe colloid", The haetcriophn gc is also precip itated 1):,,­
sa t ur at ion with ammonium sulphate accord ing to 1raison (21 ) hu t it 
ma y he recovered st ill vir ulent fr om the precipit at e as in the case of 
an acetone or alcohol precipitate, :\Iagn e:ium appar ent ly acts in the 
same way according to de Poorter ann Maisin (22) , I n acetone or 
alcohol precipitates the bacteriophage is destroyed if contact is pro­
longed for several da ys. 

Th e bacteriophag part icle is adsorbed hy a number of su bxta nces , 
The protei n in bouillon has already hcen referred to . Various au thors 
ha ve demonstrated that the bact eriophage is adsor bed by in f usor ial 
earth and kaolin. (Seiffert (2 : ~ ) , Glidemeist cr and H erzberg (24) and 
others ) . Mu ch of the work clone Oil ad sorpt ion however ha s not t llk~ n 

in to account th o hydrogen ion conce nt ratio n of bac teriophage sns pen­
sion and opi nion if; at var iance upon this pro perty of the bacter iophage. 
<1 'H ereH e believes th ere is relat ively l ittl adsorption of bacteriophage 
h~' t hese substances. 

Th e bacteriophage is als o affec ted by irr adiat ion. Appelmanst " ) 
has inact ivated bacteriopha ge by exposure to ultraviolet ra ys for ten 
minutes. Gildem eistcrf ?") st at es that the bacterioph age is sens itive to 
I ! ltrav iolet light a's are bacterin. Ger re tsen, Gryn s, Sack and Sdh ng en 
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(%1) found that ultraviolet light destroyed B. rtulicicola but not' its lyti c 
principle after exposure for fifteen minut es. i'.lcKinley, Fisher an d 
Holden (28) , however, have found t hat a strain of bacteriophage lytic 
for B. coli is dest royed by u lt ra violet light milch in th e same way as a re 
two strains of kn own filterab le viruses, i, e., herpes and Levaditis RO­

called enceph alitis virus, Exposure to ultraviolet light. at a di st ance of 
one foot. for fo rty minutes is sufficient to attenuate or dest roy hoth t il • 
bacter iophage and th e tw o filte ra ble viruses emp loyed. B. coli was 
not completely destroyed at th is exposure, Later exp erimen ts hy 
these authors showed that much shor ter periods of exposu re were 
effect ive in destroyin g both the lyt ic pri ncipl e and th e filt erable vir uses 
ment ioned. Fisher and i\lcKinley e P ) exposed various concen trations 
of bacte riophage to tho action of u lt raviolet light and concluded that 
the resistanes to u lt raviolet rays of the lytic principle is directly pro­
portional to its con centra ti on and appea rs to be a logarithmic fun ct ion 
th ereof, 'rhe etl'ect produc ed h;\-- ultraviolet light i!4 not a photosensit ­
ization to heat. Brutsmrt e") found that, ra dium emanat ions did 110t 
destroy the baetoriophage. Baker and Nanavuttv t") have recentl y 
made a quantitative study of the effects of ultraviolet rays upon the 
bacteriophage and state that th e susceptibility of the bacteriophage is 
of the same order as that of bacteria and that the relative lethal ef. 
ficiencies of different region« of th e speet um arc the same for the hac ­
teri ophage as for B. coli. The work of these authors lends confirmation 
to that of Rivers ami Gates (3") who have demonst ra ted that th e 
susceptibility of vaccinia virus to irradiation is of the same order 
CIS that of bacteria. . 

As has heen ment ioned there are many different strains of the 
bacteriophage. This is indicated by several properties which they 
possess, Somp strains of bacteriophage always produce very minute 
pinhead plaques on solid cultures while others produce plaques many 
tim es as lar ge. In a way the 'size of the plaques may be eon trolled 
hy inc reasing the concentrat ion of' th e agar. This has been demon­
srrated hy Bronfenbrenner and Ko rb. However on a uniform agar 
concent rat ion different st rains of lytic principle will exhibit different 
sized plaques. Differences betw een strains of bacteriophage are also 
noted in th eir respons« to heat. One strain may he destroyed at a 
j omperaturc of 65° C. wh ile another will require 7(1 ° or 75° C. when 
heated for thirty minutes. d 'Herells states that heat destruction is 
preceded br attenuation and that 75° C. ma y, in general, he regarded 
as the thermal death point of the bacteriophage. Bacteria. sensitive 
to the action of such a lyt ic principle are of course destroyed at 
much lower temperatures. Th e multiplicity of bacterioph age st r ain" 
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is also indicated by t he specificity of th e various strains. Within 
certain limits adaptation of t.he bacteriophage to more than one 
organism is possiblc but not always. Some races are apparently 
markedly specific. 

The baetsriophage is su ceptible t o thc act ion of various chemicals 
and disinfectant's. The r esponse of the bacter iophage to th ese sub. 
stances depends somewhat up on th e rac e. The various r aces of bac­
t eriophage respond differently. In genera l it may he said that in 
its resistance to chemicals and disinfectant's the bact eriophage is com­
parable to the spores of bacteri n. In some instances it appears to 
he more r esista nt than spore's to the disinfectant employ ed. This 
resis tanee also dep ends somewhat upon th e t emperature at which the 
destructive agent. is permitted to act. F or example Bronfenbrenner 
and Korb found that the bacter iophage is rap idly destroyed by 
absolute alcohol at ordinary temperature . but tha t it r esists absolute 
alcohol for five or six day if kep t at 0° C. 

F..l.CTS " 'RICH F,WOR 1TIE LI\"ING N ATURF: OF THE n .\CTERIOPHAGE 

Th e fa ct th at bacteriophage increases in quantity at th e exp ense 
of t.he lysed bacterium is th e fund amen tal argument upon which 
d 'Herolle haRes hi t h orv of the bacter-iophage. This he regards as 
evid ence of reproduct ion and multiplication. The th eory of the 
living nature of the bacteriophage is also supported by the fact that, 
within certain limits. th e bact eriophage POSHf'. ses th e powers of adap­
tation an d assimilation. TheRe are r ngarded as the combinat ion of 
eharnetcrs which const itu te thf' crite ria of life. 

OPPOSI. ·O VIF.',"" 

Manv invest igators have bcen unwilling to accept th ese criteria 
as proven in the case of the bact eriophage, Increase in quantity of 
bacteriophage at. t he expense of the lysed bacterium is not r egar ded 
in the minds of many a's r epresenting r eproduction in th e sense in 
which this word is usually employed. It is argued for in stance that the 
bacter-iophage may r epresent merel y a lvtie principle elaborated by the 
bacterium itself and is cnzvmatie in nature. Bordet llclievf's that the 
bact erium is vitia ted by the act ion of the cells of th e host an d that 
this vitiation continues on th rough th e subsequent generations of the 
st rain. This is suggested in th e strain of B. col i of Lisbonne and 
Carrere which manufactures a lytic principle active against a strain 
(If B. shiga dy~e7! f C1·!I. d 'R erell e regards this strain of B. coli as 
«ont nminated with the bacte riophage. Such a strain, however, it has 
hoen shown hy 11 S prod ICf'R antilvsins for the lytic principle when 
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in jected into normal rabbits and when primary cultu res of this or­
ganism in broth show no evidence of the phenomenon of bacteriophagy. 
J' erelle will r efu te this with th e statement that the bacter iophage 
contam inant is not present in sufficient concent ration in t he primary 
culture to manifest i tself but even in its weak concentration it is 
antigenic. This is of course possible. Ilowever it is not probable. 
B. coli Lisbonne in cult ure presents no evidence that it possesses the 
power of elaborating a ytie princip le for B. dYiicntcrilB S higa. In 
other words E . coli L isbonne itself is not affected by th e lyt ic principle. 
'I'hcrclore the lytic pr inciple active against B. d yscnt cr iro Shiga is 
1JOt increasing in quantity (in the d'ilerelle sense) when it exists ill 
a pure culture of B. coli Lishonnc for the simple reason that B. coli. 
Lisbonne is not 'sensitive to it. In hundreds of subcultures of B. coli 
Lisboune we have novel' seeu any evidence of lytic plaques or any 
other indicat ion th at a bacteriophage is present in th e cul ture. 'I'lie 
bacteriophage must (accord ing to d 'Herelie ) increase in quan t ity at the 
expense of t he sensi tive bacterium. In th e B. coli Li 'bolllle culture the 
s nsitive bacterium so necessary for the" multiplicat ion" of the lytic 
principle is missing. And further is it found th at subculture gen­
eration afte r generation of lJ . coli Lisbonne possesses the power of 
elaborating bacter iophage for B . d ysen tcr iw Shigu. 

If we accept d ' llerelie 's contention that B. coli Li 'bonne is con­
taminated with the ba ·teriophage and knowing t hat the bacteriophage 
( oes not lyse B . coli Lisbonne and hence, in d 'H erella's sense is unable 
to . ' mul tiply " at the expense of this organism, how then are we to 
explain the fa ct th at each generation of B. coli Lisbonne is capable of 
elaborating lytic principle for B . d ysenteriw .'higaY The B. col i 
Lisbonne divides ap proximately every seventeen minutes. If each 
bacterium cont ains bacteri ophage or possesses bacteriophage adsor bed 
upon its surface, this quantity of lytic princ ipl e will be divided with 
each division of th e microbe. Or one new microbe may have no lytic 
principle. One hesita tes to att empt to calculate the dilution of lyt ic 
principle which would t ake place after several subcult ures of this 
organism. It is known however th at a subculture prepared from one 
colony of B. coli Lisbonne after several generations, is st ill capable of 
elaborat ing lyt ic pr inciple c ct ive against B . dysente riro Shig a. Th is 
is 'strong evidence against tile assumption that the B . col i Lisbonne i" 
contaminated with the bacte riophage an d to our mind indicat es defin­
itely that B. coli Lisbonne possesses the inherent ability of elaborat ing 
lytic principle active for B. dysentery Shiga. In other 'words this 
property is functional and is perhaps a meta bolic process upon th e 
part of B. coli Lisbonne. This is st rong indication that th e lytic 
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principle is an enzyme elaborated by B. coli Lisbonne in this particular 
in stan ce. 

'While many investigators have been wiIling to accept the hypo­
th e. is of dHere lle that the bacter iophage is a livi ng ul t ramicroscopi c 
virus th ere are st ill th OSe W]1O are not willing to accept. this view as 
fina l. While d 'Here'li e 's vi ew offers mueh in its favor the evidence 
is 110t complete. POl' th e p resent we prefer to consider the bacter io­
phuge II.', an ultramicroscopic par tie ulate substance, diastat ie in its 
action, granula r in form and ina nimate, wh ich is probably der ive d 
(rom th e bacterial cell during a st age ill its life cycle as a result of 
th e in tlnenee of ti ssue cells of the host upon the bacterium. We have 
l ikened the bacterioph age to the zymogenic gr anules of the pancreas 
l111d its ly t ic act ion to that an alogous to the act ion of zymogen, an 
I nzyme elaborated by th e zymogenic gran nIes, Th e response of the 
lyt ic pr inc iple t o external agen ts such as heat, chemicals and di sin ­
fectants. ult raviolet. ligh t. etc., may he cons ide red analogous to that of 
various enzym es a. well , lIS in so me instances, to that of bacteria. 
T he bacteriophage granules which are precursors of the lytic prin­
ciple, may be elaborat ed hy th e bacter ial cell, a ph enomenon brought 
about by th e cells of the host. acting upon the bacterium. 

S OUl(' oth -r criter ion is essential to establish the living nature of 
the bac ter ioph age . Brc nfenbre nner I"' ) has been unable to detect 
re .sp ira tion and we ha ve r eported .irn ila r conclu sions (3~ ) . If th is 
could be demonstra ted it would he the st rongest argument in favor 
(If th e living' natu re of t he lytic principle. 

d ' J-II'I'eJl(' has stead fast ly ma intained that since t he lytic pr inciple 
increases ill qua u tity at the expe nse of the lysed bacter ium it (the 
lv ti e principle ) mu st be living in na ture. It ha s been pointed out 
that no an nlogv exists in na turo wher e a non-living substance will 
exh ibi t t id", p J'ope l · I ~· . While st ill in the exper iment al stages we 
wou ld in vit e ut tvnt ion to Ihe recent observations of Manwaring (sel' 
Science, 11. s , Vol. LXI X , No. 17!)!), -Iun o, 1!J2H, S upplement , page X ) 
on the zrowt h of serum. This aut hor injected horse serum into the 
l.Iood st r eam of ra bbits an d a few days later found not merely HIe 
presen ce of all the horse serum or iginally used , but an actual increase 
of' from 200 to 400 per cent . T his indic ates th e possibili ty of a non­
living sub. tauce bcing capable of growing ( iucrea e in quantit y ) by 
itself in a suit able en vironment. 

The scope of th is paper is too l imit ed to review th e recent pub­
lica tion of Hadley (33 ) on t he subject of th e bact eriophage. This 
author has sug gested in his "homoga mic" theory II new line of 
th ough t and attack. The reader is referred to t he exhaustive treat­
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ment of this subject, as p ublished by Hadley, for a resume of the 
lit erature and a critical an alysis of the entire subject. 

Since th e discovery of t hc bacteriophage ma ny attempts have 
been mad e in various pa rts of th e woi-ld to employ this substance in 
the treatment of d isease. As is the histo ry of most new therapeutic 
agents t he ear ly reports of the usc of the bacteriophage in the treat­
ment of infection were over ly enthusias t ic. 'rime and further ex­
perimentation .has tempered th e opinions of most inv estigators and 
the present trend of th oug ht on th is subject may be said to be more 
conservative. 

The bacte riophage has been employed ill a wide range of infectious 
processes. It has been used in bacillary dysentery, in th e typhoid 
fevers, in avian typhosis, in B, coli in fectio ns, in staphylococcus and 
streptococcus infections , etc. Reports on the efficacy of this substance 
in the disease proees res indicated have diifered somewhat in th e hands 
of the var ious in vest igators who have worked with it. For detailed 
accounts of this work th o reader is referred to d 'Herelle 's (l ) pub. 
licutions. We believ e that it is fai r to state tha t , at present, the 
treatment of dise ase with the bacter ioph age is not entirely upon 11 

sound basis ; t hat further well contro lled work needs to be done. Vt,re 
have observ ed cases of bacill ary dysen te ry improve markedly under 
treatmen t with tll e bacterlophagor -") though we have seen others in 
which no benefit was derived from th is therapy. We have reported 
the use of th e haeteri op hags in t he t reatment of certain staphylococcus 
and st rept ococcus in fection: (37 ) though subsequen t investigations have 
caused us to believe that much of th e benefit which was derh'ed from 
tlus treatment was due to non-specific protein and not to the Iyt ie 
prin ciple con aincd in t ile bouillon . Gratia f"') has indicated to us a 
similar opin ion. At p resent we believe th a t a conser vat ive attitude 
should be sho wn toward t his qu est ion an d th at more careful, well 
controlled studies should he made before coining to derlnito conclusions 
regarding the treatment of in fect' ons with this agent. 
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