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which would deal directly with physical reality. Logi-
cally the problem seems to offer two possibilities, be- 
tween which we are in principle given a choice. I n  
the end the choice will be made according to which kind 
of description yields the formulation of the simplest 
foundation, logically speaking. At the present, we 
are quite without any deterministic theory directly de- 
scribing the events thenlselves and in consonance with 
the facts. 

For  the time being, we have to admit that we do not 
possess any general theoretical basis for  physics, which 
can be regarded as its logical foundation. The field 
theory, so far,  has failed in the molecular sphere. I t  
is  agreed on all hands that the only principle which 

could serve as  the basis of quantum theory would be 
one that constituted a translation of the field theory 
into the scheme of quantum statistics. Whether this 
mill actually come about in a satisfactory manner, 
nobody can venture to say. 

Some physicists, among then1 myself, can not believe 
that v-e must abandon, actually and forever, the idea 
of direct representation of physical reality in space 
and time; or that we must accept the view that events 
in  nature are analogous to a game of chance. I t  is 
open to every man to choose the direction of his striv- 
ing; and also erery man may draw comfort from 
Lessing's fine saying, that the search for  .truth is more 
precious than its possession. 
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fx Sovember, 1939, during the course of certain 
experiments, four normal ferrets were inoculated intra- 
nasally with a strain of epidemic influenza virus ob- 
tained during a 1939 epidemic1 These ferrets devel- 
oped typical symptoms of experimental influenza, but 
during convalescence, unexpectedly they began to mani- 
fest evidences of a distemper-like infection, and sub- 
sequently one died. On the eleventh day after the 
original inoculation the remaining 3 sick animals were 
killed. To prevent the spread of the epizootic in  the 
normal ferret colony, a vaccine was prepared from a 
suspension of the lungs and spleens of these ferrets 
and was inactivated by the addition of 1:1000 for- 
maldehycle and stored a t  4' C. Similar vaccines bad 
been found effective in preventing the spread of ferret 
distemper on previous occasions. 

After illactivation in the icebox for  6 to 10 days, 2 cc 
of this vaccine was injected subcutaneously into each 
of 157 normal ferrets. Two days after the vaccination, 
groups of these animals were inoculated intranasally 
with the PR8, W.S., or 399 strains of influenza virus. 
To our great surprise, none of the inoculatecl ferrets 
developed experimental influenza. Serunl obtained 4 
days after vaccination from ferrets which had not been 
inoculated with influenza virus neutralized both the 
PR8 and W.S. strains in high dilutions. Serum taken 
from a number of ferrets prior to vaccination possessed 
no neutralizing antibodies. These very unexpected 
Gndings suggested that the injection of the so-called 
distemper vaccine had resulted in an inadvertent im- 
munization of almost all the normal ferrets in the 
laboratory against influenza virus. 

1 F. L. Horsfall, Jr., R. G. Hahn and E. R. Rickard, 
Jour. Clin. Invest., 19 :  379, 1940. 

Since this raccine had been inactivated with for- 
maldehyde and because it  appeared to have produced 
a much broader immunity than resulted from an actual 
infection with the influenza virus,2 it seemed of impor- 
tance to study this phenomenon more thoroughly. One 
group of vaccinated ferrets was held f o r  repeated 
bleedings in  order to determine the persistence of anti- 
bodies after vaccination. Another group .was held fo r  
active immunity tests a t  different intervals following 
vaccination, 

At  various intervals during the first 3 months after 
vaccination sera were obtained from the first group 
consisting of 1 5  animals. The neutralizing capacities 
of the sera from each ferret were determined, and the 
results are shown graphically in  Fig. 1. F o r  purposes 
of con~parison, the results of similar tests on multiple 
sera from a group of 1 6  ferrets convalescent from 
experimental influenza are also shown. The sera from 
both groups of ferrets were tested against the PR8 
strain, since an indication of the extent and the dura- 
tion of heterologous strain immunity was desired. Line 
I connects the mean neutralizing capacities of sera 
obtained from the 1 5  ferrets a t  various intervals after 
vaccination. Line I1 connects similar values fo r  sera 
obtained from certain of 16 ferrets a t  various periods 
during convalescence from experimental influenza. I t  
mill be noted that the serum of vaccinated ferrets pos- 
sessed almost as much antibody as that of the con-
valescent animals during the first month. During the 
second and third months the antibody titers of the 
convalescent ferrets' sera decreased rapidly, whereas 
the titers of the sera from the vaccinated ferrets re- 

2 F. L. Horsfall, Jr.  and E. H. Lennette, Jour.  Bact., 
39: 56, 1940. 
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mained almost constant. At  the end of the third 
month sera of the vaccinated ferrets were capable of 
neutralizing 40 times more virus than were the sera of 
the convalescent animals. 
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FIG.1. Mean neutralizing capacities against the PR8 
strain of influenza virus of ferret sera taken at  various 
intervals. Line I = sera from 15 ferrets after vaccination. 
Line I1= sera from 16 ferrets after experimental influenza. 

The active immunity of vaccinated ferrets was tested 
by the intranasal inoculation of approximately 1000 
infections doses of the PR8, mT.S., or 399 strains of 
influenza virus. I n  ferrets these strains had been found 
to be sufficiently different from each other antigenically 
to fail  to produce reciprocal cross immunity.3 Groups 
of vaccinated ferrets were tested for  the presence of 
active immunity, 2, 5, 12, 20, 30, and 97 days after 
vaccination. I n  most instances serum was obtained 
before the immunity test and in all cases 10 days after- 
r a r d s  fo r  the determination of neutralizing capacity. 
The results are summarized in Table I. Ferrets were 

TABLE I , 
IIIIIIIUXITY I N  FERRETS I N F L U E N Z . ~VIRUSVACCINATED TO 

Results 

Number Of %-$:'s??,fd C. P. N. C. Solidly immuneferrets in 
test group f ~ f ~ ~ ~ ~ P -Num- Num- Kum- Per 

ber ber ber cent. 

PR8 0 0 14  100 
W.S. 1 3 11 78 
399 0 1 8 89 

* 1000 infectious doses given to each ferret. 
C.P. Clinical and pathological signs of influenza.
N.C. Increase in virus-neutralizing capacity of serum. 

considered to be immune when they failed to manifest 
typical clinical and pathological signs of ferret in-
fluenza and when there was no significant increase in 
the virus-neutralizing capacity of their sera following 
inoculation. I t  will be seen that of 1 4  ferrets tested 

for  immunity against the PR8 strain a t  various inter-- 
vals after vaccination, all mere immune; of an equal' 
number of vaccinated ferrets tested f o r  immunity 
against the W.S. strain, 11were immune; and of 9 
ferrets tested f o r  immunity against the 399 strain, 8 
mere immune. Thus of a total of 37 vaccinated ferrets 
tested for  the presence of active immunity to infection 
by one or another of three different strains of influenza 
virus, 33 were solidly immune. 

Although this vaccine was found to be surprisingly 
effecti~e in producing immunity to influenza virus 
when used relatively soon after preparation, after 
storage in the icebox for  two months it  had become 
entirely ineffective. 

Since the symptoms of the secondary infection in 
the ferrets from which the vaccine was prepared sug- 
gested distemper, the vaccinated ferrets mere also in- 
oculated with canine distemper virus obtained from 
the spleen of an infected dog and were found to be 
immune. This demonstrated that the fersets from 
which the vaccine was originally prepared had suffered 
from a mixed infection of influenza and canine dis- 
temper viruses. 

The fundamental elements entering into the vaccine 
were thus established, and the next step in the study 
was to determine the i i~~munizing efficacy of each of the 
t7i.o virus components alone, following the procedures 
employed in the preparation of the first vaccine a s  
closely as possible. 

Although it  was known that during early convales- 
cence from influenza active virus could not be recovered 
fyom consolidated ferret lungs, vaccines, both formalin- 
ized and non-inactivated, were prepared from the lungs 
and the spleens of ferrets which had been infected 
from 8 to 11days previously with influenza virus. The 
subcutaneous injection of these vaccines into normal 
ferrets resulted in neither the production of neutral- 
izing antibodies nor the development of immunity 
against influenza virus. I t  therefore seemed unlikely 
that the effectiveness of the original vaccine could be 
attributed to influenza virus alone. 

Formalinized vaccines were also prepared from the  
lungs and the spleens of ferrets which had been in- 
fected with canine distemper virus alone 12 days pre- 
1-iously. Normal ferrets which were given these 
vaccines subcutaneously did not produce neutralizing 
antibodies against, or become immune to, influenza 
virus, although they proved to be immune to dog d i s  
temper. 

Finally, formalinized vaccines were made from sus- 
pensions of the tissues from two ferrets mixed ivz vitro. 
One of these animals had been infected with influenm 
virns, while the other had been infected with distemper 
virus. These vaccines also failed to stimulate either 
the development of neutralizing antibodies or active 
immunity to influenza virus in normal ferrets. 



These experiments indicated that neither of these 
t ~ v o  viruses alone rvas capable of proclucing effective 
vaccines and that in uitro mixtures of the two were 
ineffective. The evidence suggested, therefore, that, in 
order to have effective vaccines, i t  was essential for  
both viruses to produce infections in the same host con- 
currently. 

In  order to ascertain vhether a vaccine possessing 
a n  immunizing efficacy equal to that of the original 
preparation could be reprocluced a t  mill, ferrezs were 
inoculated with mixtures of both influenza and dis- 
temper viruses and ]irere killecl a t  var*ious intervals 
thereafter. Forinalinized vaccines were prepared from 
their lungs and spleens, repeating the original proee- 
dure. These vaccines mere testecl in normal ferrets, 
and a t  various intervals thereafter the serum of the 
vaccinated animals was tested for  the presence of nen- 
tralizing antibodies. The animals tliemselves were also 
tested for  active immunity to  influenza virus. 

I t  soon became apparent that it tvas not easy to 
prepare vaccines as effective as the original prepara- 
tion. A large nurnbe~ of different vaccines Tvere pre- 
pared from the tissues of ferrets which had been in- 
fected with both viruses. The duration and the severity 
of the t ~ v o  infections were varied. Separate tissues or 
mixtures of tissues were used in preparing the vac-
cines, and the procedure of inactivation mas altered in 
a nnmber of ways, Most of these preparations proved 

to be entirely ineffective. I t  has been possible, how- 
ever, to prepare vaccines capable of producing active 
immunity in ferrets against influenza virus. Ferrets 
which were given these vaccines and subsequently in- 
oculated intranasally with 1,000 infectious doses of 
lieterologous strains of influenza virus showecl neither 
the typical signs of infection nor an increase in nen- 
tralizing antibocl~es, indicating conclusively that no 
infection by the ~ i r n s  had occurred. Because of the 
number of variables x-hieh are relatecl to the prodnc- 
tion of an effective vaccine of this kind, much more 
study r i l l  be required to determine the conditions 
under v-hich an effective immunizing preparation can 
regularly be reproducecl. 

This vaccine was also tested on small groups of 
liursian volunteers. I t  as fonncl that a ~ a c c i n e  pre- 
pared froin the tiswes of ferrets suffering from con- 
current infections with influenza vims and the strain 
of distemper virus isolated from spontaneously in-
fected ferrets producecl a definite increase in anti-
bodies neutralizing influenza virus in every instance. 
B n o t h e ~  lot of vaccine prepared identically, but nGng 
a strain of disteliiper virus recently isolated froin the 
spleen of an infected dog, failed to stimulate influenza 
antibody procluction in human rolnntcers. Experi-
ments are in progreas to determine the dnration of the 
delllonstrable immunity in man produced by the com- 
plex vaccine. 

OBITUARY 

MAYNARD M A Y 0  METCALF 

~\IBPNARD~ I A Y O~ ! E T C A L Bdied on April 19, 1940, a t  
"The Rambles,'' on Alabama Drive, JTinter Park, 
Florida, wliere he and illrs. &Ietcalf had spent the last 
two entire years, and the preceding two ~vinters. 

Ever since lea5ing the Johns Hopkins University in 
1893, with the doctorate from Professor W. I<.Brooks, 
the pclter fzoster of so many clistinguialled American 
zoologists, Dr. JIetcalf mas so prominent a figure, as 
officer or contributor of papers, a t  meetings of learned 
societies, that many readers of this memorial will feel 
that they already know the man thoroughly well. His  
cordiality, rare friendliness and quick understanding 
made him the center of congenial groups, not only of 
biologists but of economists, sociologists, political scien- 
tists and Christian ministers-so broad and active 7i7as 
his interest in  all these and other fields. 

Of English aneestry fully on record from 1360 to 
the present, he was born in Elyria, Ohio, on March 12, 
1868, of Eliab Wight Metcalf a r ~ d  Eliza (Ely)  Yetcalf. 
H e  was of a family more continuously and significantly 
represented at  Oberlin College than any other, himself 
recei~4ng the B.S. in  1889 ancl the honorary Sc.D. in  
1914. 

On completing graclnate stndy a t  Johns Hopkins 
University he relinquished a post-doctorate Bruce fel- 
lo~vship to accept appointment as organizer and chair- 
mail of the department of biology a t  "The Woman's 
College" (now Goucher), where he remained until 
1906, his choice of successor being the late Williarn E .  
Kellicott-an item which he referred to later as his 
"best service to the institution." Although his appoint- 
ment as chairman and reorganizer of the department 
of zoology at Oberlin began in 1906, laboratory space 
was not then in readiness; and the next t ~ v o  year5 were 
spent in research with Boveri in Jvurzburg, in Berlin 
and at  the Xaples Biological Station. 

H e  resigned official relation v i th  Oberlin in 1914; 
but during the preceding eight years gave time, energy 
and wisdom unsparirigly to the development of the 
department, himself supplying much equipment the 
college was not in position to afford. His inspiration 
and ideals have been the major factor in shaping such 
progress as  the Oberlin department has macle from his 
day to the present. Research in his private "Orchard 
Laboratory," a t  La Jolla, Calif., Washington, D. C., 
Baltimore and in South America occupied the years 
1914 to 292-1. Then f o r  a year he mas cllair~ilan of 


