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noted explorer of the Grand Cafiorl of the Colorado 
~ i ~ ~ ~ , a lecture is de-under present arrangements 
livered a t  each annual meeting of the division by a 
distinguished investigator in  some field of science 

upon a his OTvn The lee-
turers and the fields represented are as fol1011-s: 

1929. William &forris Davis, XIarvard University 
(Geology). 

1930. Rodney H. True. University of Pennsylvania 
(Botany). 

1932. Max Pinner, Desert Sanatorium of Southern 
Arizona (Medicine). 

1933, Aldo Leopold, University of Wisconsin (For-
estrp) . 

1934. Otto Struve, Ulliversity of Chicago (Astronomy). 
1935. Edgar L. Helrett, University of New Mexico 

(Archeology). 
1936. John C. Xerriam, Carnegie Institution (Paleon- 

tology) . 
1937. 8, E, Douglass, UniTersity of (As.~~r iaona  

tronomv)" ,. 
1938. E. R. XIedricli. University of California, LOS 

Angeles (Jlathematics) . 
1939. A. H. Compton, University of Chicago (Phys-

ics). 
1940. D. T. NacDougal, Carnegie Institutioll (Bat-

any). 
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SPECIAL ARTICLES 

A NEW T Y P E  O F  VIRUS FROM EPIDEMIC 


INFLUENZA1 


Is February and March of 1940, an epidemic of 
acute respiratory disease, simulating epidemic influ- 
enza, occurred at  Irvington House, a convalescent 
home f o r  children with rheumatic cardiac disea~e, 
located at  Irvington on Hadson. Through the cour-
tesy of Dr. Ann G.Ktlttner, throat mashing; were re- 
ceived from 4 cases in the first 3 days of illness and, 
in addition, samples of serum were taken in the acute 
and convalescent stages. Neutralization tests clone 
with these sera revealed no rise in antibody titer dur- 
ing convalescence against 1000 M.L.D. of the PRS 
strain of the virus of epidemic influenza. Mice and 
ferrets were inoculated intranasally with 3 of the 
throat washings. Two of the ferrets failed to exhibit 
recognizable signs of infectioil and their sera, taken 
8 and 51  days later, respectively, failed to neutralize 
the standard PR8 strain of virus. Attempts to isolate 
a virus directly in mice from any of the throat xash- 
ings were unsuccessful through 5 serial passages a t  
4-day intervals or 10, 21 and 23 passages, respectively, 
a t  7-clay intervals. 

The temperature of the ferret inoculated with throat 
washings from the third patient (Lee) fell to sub-
normal on the 6th and 6th days. The animal stopped 
eating, was abnormally quiet and had some respiratory 
distress. At autopsy on the 6th day the only gross 
finding was a mild, bluish discoloration of the left 
lower lobe of the lung. Passage to a normal ferret 
was made mith a suspension of lung and turbinates 
and 13  serial transfers were made a t  4- to 6-clay inter- 
vals in this species of animal. After the 5th passage 
a double series r a s  maintained. I n  2 of the 20 fer- 

1 This study was assisted by grants from the Interna- 
tional Health Division of the Rockefeller Foundation and 
from the Lederle Laboratories. 

rets, the highest temperature v a s  above 105' F.; in 
7, it  15-as 104-5' ; jn 6, between 103.5' and 104' ; in  3, 
no el-iclence of fever was obtained and in 2 the tem- 
perature was subnormal. I n  1 3  of 18  autopsied fer- 
rets mild pulmonary lesion., usually spotty, were noted 
and the majority presented abnormalities of the 
respiratory turbinate tissue. Serum taken from the 
sole convalescent f e ~ ~ e t  (R77-9th passage) on the 2 1 4  
day failed to neutralize 1000 or 100 L1.L.D. of the 
mouse passage PR8 strain of virus. Hence, by the 
criteria established in 1937"this outbreak of respira- 
tory disease x a s  not associated mith the virus of 
epidetnic influenza. 

Groups of mice were inoculated intranasally mith 
suspensions of lung, turbinate or both from ferrets 
of the 5th, 'ith, 8tl1, 9th, 10th ancl 13th passages and 
multiple transfers were made with lung snspensions 
by the intranasal route a t  4- to 6-day intervals. Using 
10 per cent. suspensions, only small lesions were as  a 
rule observed in mice of the first 5 pajsages. There-
after, an increase in severity of the disease occurred 
so that by the 10th transfer infections were frequently 
fatal within the 5-day period. With continued pas- 
sage the virulence increased eo that a t  present viruc 
of the two series ~irhich have been continued through 
40 passages produces fatal infection within 10 days 
when used in a 1:1000 dilution, occasionally 1:10,000, 
of infected mouse lung. 

Throughout its development the lesions produced by 
the virus in the lungs of mice have been of the uniform 
reddish blue type seen in infections ~ ~ i t h  the virus of 
epidemic influenza. Ne~ertheless, when tested against 
rabbit or ferret serum prepared against numerous dif- 
ferent strains of epidemic influenza virus, no neutral- 
ization of 200 M.L.D. or less of the Lee virus was 
effected. I t  was not neutralized by rabbit sera pre-

2 T. Francis, Jr., T. P. 3fagill. E. R. Rickard and ?vf. D. 
Beck, d m .  JOW. Pub. Health, 27: 1141, 1937. 
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pared against several strains of poorly defined agents, 
probably of origin, or by against norlnal 

tnouse virus obtained from Dr. P. L. Horsfnll, J r .  
(Table I). 011 the other hand, rabbit serum prepared 

TABLE I 

C O ~ I P ~ R A T I V E  TESTS VITH ~ P I D E M I C  SEROLOGICAL INFLUENZA 
VIRUS (PR8)  AND SEWVIRUS (LEE)  

-

Keutralization of 
.Immunized 100 R1.L.D. 

Animal No. with 

TAELE I1 

COAIPARISOX ANTIBODIESOF NEUTRALIZING AGAINST LEE VIRCS 
AKD THE PR8 STRAIN OF EPIDEMICINFLUENZA 

VIRUS IN SERUM FROM PATIENTS IK 
DIFFERENTEPIDEBIICS 

-

Titer of neutralizing antibodies 
against 

PR8 Influenza $Epidernic Patient Lee virus + rirus 

Con>-a-dcute lescent 

r i rus  strain ~ ~ f l ~ ~ ~ ~ ~ ~ 
virus ( PR8) Lee virus 

F e y e t  

Rabbit 

FOLLOTVIIiG llECEIi'ED THROAT T7.4SHIKGS OF PiiTIENTS 

OR PASSAGES THEREBROII 


Fef;ret B32 Dulie no. 7 0 + 
B45 DuBe no. 2 0 +

.' RIG Duke no, o 0 
' I  B52 Irv. no. I 0 

" B53 Isr. no. 2 0 . 0 

" BS7 Irv. no. 3 (Lee) 0 + 


against one passage strain of the Lee s ~ i ~ u s  completely 
neutralized 3 subjtrains established in tnice with mate- 
rial froni 3 different ferret passages (8, 8 d ,  13A). I t  
mas then found that the convalescent serum of ferret 
B77, which had failed to neutralize the PR8 strain, 
completely rleutralizecl the Lee strain. The r i ius  
tranaferrecl in illice and ferrets appeared therefore to 
be identical. 

The sera of the Irvingtotl House patients which had 
exhibited no rise in convalescent titer against the 
standard PR8 strain were tested against a 10 per cent. 
mouse lung suspension (100 M.L.D.) of the Lee virus. 
The titers of both acute and convalescent sera of 
patient, Lee, \\-ere approximately the same hen mea-
sul~ed against PRS. Against the Lee strain the acnte 
titer was 0 ;  the convalescent titer, 120. A similar 
result was obtai~lecl with sera of 2 others, while in  
one instance no difference was detected. Sera from 3 
other patients who had beet1 sick during the epidemic 
mere fortanately available. A11 these also showed in 
convalescence a pronounced rise in  antibodies to the 
Lee virus but not to  P R 8  (Table 11). These resalts 
seem clearly to establish the causal association of Lee 
virus with the Irvington Ilouse epidemic and to dem- 
onstrate the lack of serological relationship of that 

No, Carolina hIar. 0 60 17 (01 17 (0 )  
1040 Sp. 0 15 8 ( 0 )  8 (0 )  

Ha. 0 120 120 (30)  120 (30)  
Led. o GO 30 (0 )  30 ( 0 )  
h1it. 0 15 15 ( 0 )  15 (0 )  
Dar. 0 30 25 ( 0 )  25 (0 )  
I<ir. 15 0 15 ( 0 )  4 (0 )  

Feb., 1936 Vr. 
(Unidentified) B. Bas. 

1936-37 Hum. GO 60 50 320 
Influenza Web. 30 .50 0 35 

+ Approsinlately 100 31.L.D. of Lee virus used. 
!: Approximately 100 31.L.D. of PR8 i-irus used. The sets of ,,,., masked with asterisk or in ~~aren theses  were tested with 

1000 h1.L.D. 
Endpoints estimated by the niethod of £teed and 3Iuench8 

vilus to strains of rirus isolated from other epidemic? 
of influenza. 

I n  January and February of 1940 an extensive 
epidenlic of what appeared to he epidemic influenza 
extended throughout the southeastern portion of the 
United States. Thlongh tlie kindness of Dr. D. T. 
Smith and members of the medical staff of Duke Uni- 
verqity Hospital, pztients were made available fo r  
study. Since these investigatio~ls were undertake11 
toward the end of the epidemic, throat washings or 
sputum and serum taken during the acute and con-
valescent stages of illness mere obtained from but 7 
patients. Four  of the throat washings mere gis~en 
intranasally to ferrets. I n  t n o  instances serial pas- 
sages through 4 ferrets were made. some of 
the ferrets eshibit.ec1 signs suggestive of infection with 
influenza rirns, attempts to maintain the infection or 
to isolate a virus in mice mere unsuccessful. The 
f o n r t l ~  passage ferrets (B35, B46) mere bled on the 
12th day;  another (B32) on the 28th clay. Their sera 
failed to neutralize the PR8 strain. Furthermore, 
when neutralizatio~l tests with the acnte and conva-
lescent sera of the patients were performed, using 100 
and 1000 11.L.D. of the standard PR8 strain of epi- 
denlic influenza virus, no cliag~lostic rise in antibodies 
was detected. I n  this instance, again, the customary 
procedures had indicated that the virus of epidemic 
influenza %.as not in~olved.  

3 L. J. Reed and H. Rluench, Am. JOILT.Hyg.,  2 i :  493, 
1938. 



I11 view of the stndies of the Irvington outbreak, the 
various sera were retested against 100 R1.L.D. of the 
Lee virus. I n  6 of the 7 patients a definite rise in titer 
of the convalescent serum was seen (Table 11). Fnr- ,  
themore, serum of 3 ferrets receiving throat washings 
from these patients neutralized the Lee virus, although 
they had failed to neutralize the PRS strain. I n  addi- 
tion, serum from 6 ferrets inoculated by Dr. Horsfall 
mith throat washings of patients from the North Caro- 
lina epidemic were tested. Four of them neutralized 
the Lee virus, all failed to neutralize 100 M.L.D. of 
the PRS strain. The serum of 3 patients which had 
been found by Dr. Horsfall to show no increased con- 
valescent titer against the PRS strain, when tested 
against the Lee >bus,  exhibited marked rises in neu- 
tralizing antibodies. I t  is evident, therefore, that the 
Lee virus was the cause of the earlier general out-
break in North Carolina and adjoining areas. 

I n  the early months of 1936 a widespread epidemic 
of acute, respiratory disease, indistinguishable from 
epidemic influenza, was studied. I t s  etiology was not 
established nor was any evidence obtained relating it 
to known strains of the virus of epiclemic influenza.4 
Sera from 2 typical patients which had been kept in  
storage since that time were now tested against 100 
M.L.D. of influenza (PR8) and Lee viruses. Pro-
nounced rise? of titer against Lee virus occurred but 
not against P R 8  (Table 11). I t  appears, in conse-
quence, that this epidemic 4 years earlier mas also due 
to virus of the Lee type. 

Reference was then made to acute and convalescent 
sera of 2 individuals from whom epidemic influenza 
virus was isolated during the epidemic of the minter 
of 1936-37 (Table 11). Titered against the P R 8  
strain, rises from 0 to 35 and 50 to 320 were noted; 
against 100 M.L.D. of the Lee strain the acute and 
convalescent titers of both were approximately 60. 
Hence, infection of human subjects n~i'th virus of the 
P R 8  type does not result in a rise of antibodies to the 
Lee virus and the difference in etiology of the epi- 
demics is further demonstrated. 

Again through the kindness of Dr. Horsfall, serum 
of ferrets inoculated with throat washings of patients 
observed in the epidemic of influenza current in  the 
West Indies this summer were tested. Certain of 
these sera also neutralized the Lee virus but not the 
PR8. 


The immunological evidence indicates clearly that the 
newly isolated virus is the cause of the epidemics of 
acute respiratory disease in Irvington and North Caro- 
lina in 1940 and of the extensive epidemic early in 1936. 
These epidemics have presented no outstanding clin- 
ical features to differentiate them from &he outb~eaks 
which have yielded the virus of epidemic influenza, 

4 T. Francis, Jr., An?.Jozlr. Pvb. Healtk ,  27:  211, 1937. 

typified by the original W S  and P R 8  strains. The 
serological studies reveal, however, that they are etio- 
logically distinct. I n  fact, the lack of cross reactions 
between serum against knovn strains of influenza 
virus and the present virus suggests that the latter is 
entirely unrelated to the virus of epidemic influenza 
pre~iously isqlated. Complenlent fixation tests n~hich 
ordinarily detect the coml~lon antigen of different 
strains of epidemic influenza virps have not yielded 
up  to the present any helpful information. Hyper-
immune PR8 rabbit and f e l ~ e t  sera have not neutral- 
ized even small amounts of Lee virus. Furthermore, 
mice vaccinated mith 2 intraperitoneal injections of 
5 per cent. Lee virus have died of infection with 100 
N.L.D, of PRS but staunchly resist the same amount 
or more of the Lee virus. The differences are  clearly 
greater than those detected in  previous studies of 
strains of epidemic influenza virus.5* 6*  The behavior 
of the virus in animals and the gross pathological 
features are, however, quite the same as  those of mild 
strains of known influenza virus. 

The usual experience has been that human subjects 
infected with one strain of inflnenza virus produc'e 
antibodies readily detected by tests with any of the 
ordinary strains obtained from man, or even with 
strains of swine influenza virus. The absence of anti- 
bodies to the Lee virus i n  the serum of patients.at the 
time of their infection and the production of specific 
antibodies to that virus in convalescence are indepen- 
dent of antibodies to the PRS strain which remain con- 
stant cluring the course of this disease. I t  is evident, 
therefore, that for  the purposes of differential diag- 
nosis, the Lee virus represents a serologically distinct 
entity, Nevertheless, the epidemic disease associat,ed 
with virus of the Lee type appears on the basis of 
present knowledge to be as typical of epidetnic influ- 
enza as that prevalent in outbreaks from which strains 
of the previously recognized virus were obtained. The 
epidemics of 1936-37 and 1938-39 have been shown t o  
be caused by influenza virus of the usual variety while 
those of early 1936 and 1940 are of the Lee txpe. 
The t ~ v o  infections apparently possess independent 
cycles, but until further differential studies are made 
they should both be considered epidemic influenza 
caused by viruses of different serological types. The 
isolation of the new type of virus and the aocompany- 
ing serological studies have established the etiology of 
epidemics of acute respiratory disease simulating in- 
fluenza which had previously not been identified. Fol-
lowing the classification recently suggested8 in which 

6 T. P. Nagill and T. Francis, Jr., Brit. Jour .  Bzp. 
Path., 19: 273, 1938. 

6 T. Francis, Jr., and T. P. BIagill, Ibid., p. 284. 
7 W. Smith and C. H. Andrewes. Ibid.. a. 293. 
S F .  L. Horsfall, Jr., E. H. ~lnnett;, 'E. R. Rickard, 

C. H. Andremes, W. Smith and C. H. Stuart-Harris, 
Lancet, 2 :  -. October 5, 1940. 
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the established form of epidemic influenza is called substitution in Equation 2 of the proper numerical 
Influenza A, outbreaks caused by virus of the Lee type s~alues. The exact equations fo r  these are i n  order: 
are  to be designated Influenza B. 12.531. 

tJ, (&-I11.95r
3J. cos 4 6.0 (2a) 

THE equation for  the nodal lines of a circular plate 
was worked out by ICirchhoff in 1850, having the form 

m = J , , (kr)  cos (710-g) (1) 
The first factor of this equation will give circles of 
different radii, while the second represents diameters. 
For  nearly one hundred years this equation has been 
considered to be the most general possible solution so 
that the conclusion seemed inescapable that only 
circles and dianleters could appear upon a circular 
plate. When plates are  actually vibrated, however, 
many sy~nmetrical patterns appear upon them which 
are certainly not circles. These variations from the 
theory were thought to be due to asymmetries in  the 
plates, such as varying thickness, different tensions 
and so forth. I f  the assumption is made that a cir- 
cular plate can give out two oi. more notes a t  the same 
time, then the equation of Kirchhoff may be extended 
in the for111 

m = AJ,(kr) cos n (0-a,,) - BJ,,,(brr) cos m(6-a,) (2) 

When this equation is zero (the condition for nodal 
lines), the resulting figures are much more compli-
cated than mere circles and diameters. It will be 
proved that they corresponcl to the figures produced 
by experiment. 

I n  Fig. 1are shown tracings from photographs of 
circular vibrating plates. The originals will be found 
in another article by one of the writers.l Below them 
in Fig. 2 are the mathematical curves resulting from 

12.5.3~ 11.951' 
(2b) 

' 
5 937r 11OOr (3) 

J ,  (-1 sin 2 6 - 5J6((_ sin(") = 0 (2c) 


5 937r 3.497~ 

cos 2 0 tJ, cos 3 6 = 0 (Sd)]& (-1 

FIG.2. Theoretical curves calculated. 

The values of A and B are found by trial. After 
considerable experience one becomes more or less ex- 
pert in  picking out the nunlber of circles and diam- 
eters in the Bessel and cosine functions which must 
be combined to produce any given figure. F o r  in- 
stance, Fig. 2(c)  is obtained as shown in Equation 3, 
for  d = 1, B = -5. I f  these ratios are changed, an-
other equation appears whose plot resembles 2 ( c )  but 
differs from it in some important details. I n  Fig. 3 
are shown two.curves obtained from the equations 

sin 20-105, A s i n 6 0 = 0("Par) 
J2 ( ) i 2 0 - IOJ,, (I'':Or-) sin ( 6  0 - 5;) = 0 

Simply varying the angle by 5' in Equation 4 causes 

FIG. 1. Actual sand pattcrns obtained. the lines to .split up. Both curves resemble that of 
Fig. 2 ( c )  because similar functions are cornbined, 

1Robert C. Colwell, Jour. Franklin Inst., 213 : 373-380, 
1932. although in different proportions. 


