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Factors Influencing the Infectivity of Bacteriophage. 

A. D. HEKSHEY ASD J. BRONFENBRENNER. 
Fro?n the Department of Bacteriology and Immunology, Washington, Fnirersity 

School o f  Medic ine,  St.  Louis, Xo.  

\$%en a niixture of virus and antiserum is titrated in animals it 
is tlie usual experience to fiucl that the infectivity of the virus has 
heeii reduced but not &olislietl. By convention, one refers to such a 
iiiixture. as representing so many units of neutralized virus, and SO 

iiiany units of active virus. In some instalices this convention has 
been literally interpreted to reach coldusions pi-obably not justified 
by the facts. 111 particular, decisions have bee11 made regarding the 
revers i 11 il i t y o f 11 eu t 1: a1 i z a t ion, an (1 t 11 e heterogeneity o f t 11 e \- i i d  

population, on the iiisecure assuiiiption that “neutral” and “active” 
viral particles in tlie mixture are different. I t  is not our purpose to 
question these coiichsioiis, h i t  to inquire into the yalidity of the 
u ii cle 1- 1 y i iig ass ti nip t i 011. 

Tlie experiment described in T a l k  I serves as an illustration of 
soiiie of the difficulties inherent in an all-or-none hypothesis o f  neu- 
tralization. \\;lien the netltralization eff ectecl 1))- a given exposure 
o f  bacteriophage to aiitiseruiii is evaluated by enunieration on three 
cliff erent niedia, 3 different results are obtained. With uiiseiisitized 
phage, the media consistently fall into a definite order of eff ectiveness, 
hut this ordei- is l)i-ofouiiclly changed aitei- the phage has been exposed 
to antibody. Thus the niediuiii represcliting the highest degree of 
’ ‘1 10 st -r e s i s t aiic e ‘ ’ to u 11 t i- eat e tl p 11 age , ex h i 11 i t s II( uiiu su a 1 re s i s t ance 
after the phage has been setisitized. This experiment can lie modi- 
fied in many ways, but in each case it is evident that the active sensi- 
tized phage is qualitatively cliff ereiit from the unsensitized phage. 
Similar observations u-ith tlie aiiinial vii-uses‘ might he interpreted in 
the same way. The advantage o i  expei-iiiients with the sinipler 
sj-stem lies in their susceptibility to further analysis, especially be 
cause the effects o f  unconibiiied ailtibody caii he excluded. 

The coliphage used (P9H) is weal+-  active in the absence of 
i-ather high concentrations of uiiivaleiit cations. This is at least in 
1)m-t ti result of poor adsorption to bacteria in the absence of salt. The 
effect of antibody is to increase the adsorbability in the presence or 
alxeiice of salt. But antibody also inactivates phage, independently 
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Unsensitixcd phtigc 448 9 (i 200 
Scnsit ixed plia ge 40 34 !I 

A l l  counts sliown express t l i c  i'li;cRc'-c'ontlli~t of 10 1111 of tlir s:tiiiv pri~p:ir:itioll 
of colipliage 1'911. F o r  srwsitiz:ition. plwgc W:IR ~ q ) o s c d  to tho :ic+t,ioii of 1 : ;iOOO 
r:ihhit iIntisthrulll f o r  HO ininiitm : i t  :;yo(', :inti (iiliitcd bt>yontl thr ruiigr of :ictivity 
of tlic srruni. ?'1i(& counts n - t ~ t ~  III:I(~. siinuIt:inctouH1;vidy according t o  thv mctliorl 
rirscribed in  r ( 4 t w n w  1. 

oi the effect o i l  adsorptioii. I t '  the concentration of salt is low, anti- 
body may either increase or decrease infectivity, depending on the 
halance between these two effects. Zf dead (or  "resistant" ) cells are 
present, the effect of sensitization is to depress infectivity both by 
iiicreasing adsorption t o  the dead cells. a i d  1,- inactivating the phage. 

ell as aiialogous results with ani- 
riial viruses. can he better uiiderstood i f  it is assumed that the sen- 
sitized virus does not consist ~i a niisture o f  neutral and active 
Iurticles, but that it represents an esseiitially uniform population of 
\-irns of altered iiiitxtivitj-.  ( 1 1 1  this asstiniption, we have the general 
relation I' = ( I-])r-CJ)l)i, wliere I '  is the infectivity expressed as the 
pi-ohability that arij- single spcciticcl viral particle will produce ;1 

lesion, 1). is the 1)rol)ability that the particle will he accepted by a 
resistant cell, (1 is the probability that it will escape .fixation (or he 
lost into the circtilation) and I)i is the probability that it will prodtice 
a lesioii if fixed by a suscel)til)le cell. I f  the susceptihle cells are 
ass~~nied to lx uiiifortii. 1 ) i  is a siriiple proh"l,ility : otherwise it es- 
lwsses thc a\-t.rage suscel)tif)ilit>- oi the cells riot perfectly resistant. 
I t  is evident iii  what way salt. cleat1 bacteria, and aiitibcly in our es- 
l)eriment, diversely affect P by influencing the various terms on the 
right. In  the case of other viruses, the analogous factors are oiily 
iiow being elucidated."* 

I he availahlc espcriiiiciits (10 riot cstahlisli the truth o f  the as- 
sumption ttiatle above. It is suggested rncrely that this assumption is 
reasonable. and should be applied to  the results of infectivity-nieas- 
urenients before far-reaching coticlusions are drawn. 

\\-e l)elie\-c. that these facts, as 
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