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found to contain spheres up to 500 p in 
diameter. Spheres larger than 500 p were 
lodged in the arteries and did not pass to the 
veins, 

The anatomical location of the A-V shunts 
was ascertained from radiographs of the lungs 
injected with radiopaque media, in which the 
course ol the vessels and the spheres them- 
selves could be visualized ; from dissections of 
the lates-injected lungs; and from the casts 
of the specimens injected with vinyl acetate. 
No A-\- shunts were present in the hilar region 
nor along the course of the larger branches of 
the pulmonary artery and vein. At the apex 
of the lobular subdivision of the bronchopul- 
monary segments, however, shunts up to 500 ,U 

in diameter were found. Smaller shunts (50- 
100 p )  were located at  the level of the smaller 
bronchi and respiratory bronchioles, and the 
smallest. (20-25 p )  near the alveolar sacs and 
the alveoli. Shunts up to 200 ,U in diameter 
also occurred in the pleura. 

Comment.  Perhaps a larger number of 
spheres and a higher percentage of successful 
passages of spheres through the pulmonary 
veins might have been found if gelatin, or 

some other solution of greater viscosity than 
the saline perfusate, had been used, since 
many of the spheres settled in the more de- 
pendent parts of the arteries and veins. Such 
viscous solutions, however, would have inter- 
fered with the subsequent injection of latex 
or vinyl acetate. Unless the A-V shunts were 
relatively large, they could not be demon- 
strated by the vinyl acetate technic, apparent- 
ly due to the shrinkage and fixation of the 
vessels by the pre-injection acetone perfusion 
or the acetone content (approximately 80%) 
of the vinyl acetate and the small percentage 
(less than 20) of vinyl resin remaining after 
the specimen was macerated. 

Summary. Arteriovenous shunts, many 
times the accepted diameter of capillaries, 
were demonstrated in isolated human lungs 
with little or no pulmonary pathology, by the 
passage of glass spheres from the pulmonary 
artery to or through the pulmonary veins. In- 
jection of these vessels with liquid latex or 
vinyl acetate indicates that the shunts are 
located at  the apex of and within the lobular 
divisions of the lungs. 
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Studies on the antigenic pattern of influ- 
enza A and B viruses have revealed heter- 
ogeneity in each of these groups(l-51). The 
significance of this multiformity as it relates 
to the occurrence and recurrence of strains 
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of a particular antigenic composition in the 
human population and to the selection of 
viruses for use in the vaccine has not been 
fully evaluated. The present communication 
presents data on the antigenic patterns of a 
number of strains of influenza A and B which 
have been recovered since 1933. 

Materials and methods. Virus strains. Cer- 
tain pertinent information about the viruses 
used in the present work is summarized in 
Table I. Additional data are given in Table 
I1 on the strains designated CAW-1, CAW-2, 
CAW-3, (CAW-4-4, CAW-5, Canadian Arctic 
1.4 and Canadian Arctic 12A which were re- 
covered from specimens collected from Es- 
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Origin 

kinios on I'ictoria Island, N.lV.T., Canada 
during ,April 1949(6,7). The epidemic in the 
Arctic was characterized(6) as "an unusually 

6. Nagler, F. P., van Raoyen, C.  E., and Sturdy, 

virulent outbreak of influenza, reminiscent of 
the 1918 pandemic" in which there was an 
attack rate of 100% and case fatality rate of 

7. van Rooyen, C. E., McClelland, L., and Camp- 
bell, E. K., Canad. J .  Pub. Health, 1949, v40, 447. J .  H., Canad. J .  Pub. Health, 1949, v40, 457. 
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20% in the 90 Eskimo inhabitants of the 
island. In  several instances, the same patients 
and materials were given different designa- 
tions by Dr. F. P. Nagler and Dr. C. E. van 
Rooyen. Only two of the strains in the 
present study, i.e., CAW-5 and Canadian -4rc- 
tic 1 2 4  were recovered from the same pa- 
tient (M.M. or &leg.). 

Hyde and Hume viruses (8) were furnished 
by Dr. €3. Eddy. The Henry and Hickcox 
strains were obtained from Dr. T. P. Magill 
and the Berkeley-1-50, from Dr. G. Meikel- 
john. The sources of the remaining ,4 type 
strains used in the present study were given 
in an earlier report (9) .  I t  may be mentioned 
that our FW-1-50 strain(9) is sometimes des- 
ignated Ouppett by other workers. The Lee 
and Czech strains of influenza B virus were 
furnished by Dr. T. P. Magill and the Ll-B-50 
and Seattle-2-49 by Drs. M. M. Sigel and .4. 
S. Lazarus, respectively. The Sleguro and 
POOH viruses, isolated at  the 406th Medical 
General Laboratory, Tokyo, Japan, were sent 
by Major K. F. Burns, V. C., U.S.-4. and Dr. 
F. L. Horsfall supplied the MB and TBT 
viruses. The Warner agent was obtained 
from Dr. S. G. -4nderson and the Hawaii 
strain, isolated at  the 18th Medical General 
Laboratory, Honolulu, Hawaii, was from the 
strain files of this department. The Great 
Lakes 34, 38 and 40 viruses, from a recent 
outbreak of influenza B at  the Great Lakes 
Naval Training Station, Illinois, were furn- 
ished by Commander John R. Seal, M.C., 
U S ”  

Sera. In  general, pairs of roosters weigh- 
ing 5 to 8 lb were injected on one occasion by 
the intravenous and intraperitoneal routes 
with 5.0 ml amounts of crude infected allan- 
toic fluid which had been freshly harvested. 
However, birds receiving MB, TBI, POOH, 
L1-B-50 or Seattle-2-49 viruses were inocu- 
lated with these volumes on 2 successive days 
since it was found that the single inoculation 
failed to evoke a satisfactory antibody re- 
sponse to these agents. The roosters were 
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bled 10 days following the initial injection 
and their sera stored in lyophilized form until 
used in the tests. Sera against strains IBI, 
Warner, POOH, L1-B-50 and SF-1-49 titered 
1:400 with homologous antigen: all other 
sera titered 1:800 or greater. Sera obtained 
from roosters prior to immunization did not 
contain demonstrable antibody against influ- 
enza virus. 

~ ~ e ~ z ( z ~ ~ l ~ t i ~ z a t ~ o ~ a  technic. The hemagglu- 
tination and hemagglutination-inhibition titra- 
tions were performed by a technic which con- 
formed to the standard diagnostic method 
recommended by the Committee on Serological 
Procedure of the Armed Forces Epidemio- 
logical Hoard( 10). In  the latter procedure, 
0.25 ml volumes of serial dilutions of serum 
were mixed with 0.25 ml of virus (4 units) 
and 0.5 ml of 0.5% human type “0” red cell 
suspension. The pattern of sedimented cells 
was read after 50 minutes and the titer taken 
as the highest initial dilution of serum giving 
complete inhibition of hemagglutination. The 
antigens were preserved by lyophilization and 
rehydrated within 24 hours of their use in the 
tests. In  the tables, the serum titers were 
adjusted to give a 1 : 800 titer with homologous 
virus so that the results with the individual 
sera could be compared more easily. 

Remits. Influenza A .  Tables I11 and IV  
summarize the results of tests with strains of 
influenza A. Table I11 gives the numerical 
values for certain of the serum titers sum- 
marized in interpretive form in Table IV. In  
the latter table, a titer of 1:800 is repre- 
sented by 4+, 1:400 by 3+, 1:200 
by 2+, 1:lOO by 1+ and 1:50 by t. In  3 
instances the adjusted serum titer obtained in 
tests with heterologous antigen was 1 : 1600, 
i e . ,  2 times as high with homologous antigen. 
This difference was not considered significant, 
and for the purpose of simplification, this titer 
was represented as 1:800 (4+) in the 
table. The values given in the tables were 
obtained in tests with single serum specimens. 
Essentially identical cross-reactions were ob- 
tained in those instances in which viral anti- 

10. Committee on Standard Serological Proced- 
ures in Influenza Studies, J. Zmmunol., 1950, v65, 
347. 
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gens were tested with the antisera obtained 
from the other chicken of the pair which re- 
ceived a given virus. Thus, it would appear 
that the qualitative antigenic response of 
different birds to a particular virus was rela- 
tively consistent. Similar results were ob- 
tained with materials from certain of the 
strains examined: in most instances such re- 
duplicative detail has been omitted from the 
tables. Thus, the C.4JV-1, C.%W-2, C-4W-3, 
C.\W-4-4 and )Canadian Arctic 1.i viruses were 
indistinguishable from each other; hence. only 
data on CAW-3 are presented in detail. 
C-%IT-5 and Canadian Arctic 12-\ agents were 
essentially identical. Strain 4ML-1-48/49 
could not be differentiated from SF-1-49 and 
the AH-1-50 and Berkeley-1-50 viruses did 

not differ from FW-1-50. The present hemag- 
glutination-inhibition tests with chicken anti- 
sera revealed wide antigenic differences among 
the strains of influenza A examined. While 
some were essentially identical, such as those 
mentioned above as well as the Hyde and 
Hume strains listed in Table IV, others, i.e., 
WS and FW-1-50, had no demonstrable re- 
lationship to each other. Although differences 
between the more distantly related strains 
were easily recognized, the precise segregation 
of the majority of the A viruses into sharply 
demarcated subgroups was rendered impos- 
sible by the existence of a graded series of 
intermediate forms. 

Influenza €3. Table V gives an interpretive 
summary of the findings with strains of in- 



ANTIGENIC PATTERN OF INFLUEXZA VIRUSES s33 

T.ABI,E V. Interpretive Summary of Agglutiiiation-~nhibitiou Tests Showiiig Relationships of I i i f l ~ w ~ z ~  
B Strains. 

Antigens 

Lee 1940 4 +  3-+- 3+ 3+ 1+ * +- 0 t- 1-t 1+ t 1+ 
Gt.Lakes40'50 4+ df 3f 33- 1+ If I+ 3- 1+ 1+ I +  2-f- 
Qt.Lakes38 '50 44- 4+ 4 - t  44- l+ 2 f  2 5 1+ If 1+ 1+ 2+ 
Hawaii '44-45 ?+ 1+ 2 4 +  3+ 2+ 1-+ 1+ 3 +  2+ 3+ 2+ 
Czech. '45 n+ 1+ 1+ I+ 4f 4+ 3+ If 2 +  s+ I+ 3+ 3+ 
ME 730 1+ l +  l +  & 3+ 2+ a+ 1+ 2 2+  1+ 3+ s+ 
IRl '50 "f 2+  2+ 2+ 4+ 4+ 414- 4f 3 +  4+ 4+ 4+ 4+ 
Warner '48 0 0 0 0 4f 3 f  3 f  3+ 4+ 4f 4+ 3+ 3+ 
N eg ur o '5 0 0 0 0 0 2 +  2+ 2+ 3+ 3+ 4+ 4+ 3+ 3+ 
POOH '30 0 0 0 0 4+ a+ 3+ 3+ 4+ 4+ 4+ 3+ 3+ 
Ll-B-50 '50 2 f  0 0 .o 4+ 3 +  3+ "f "f 4+ 3+ 4+ 3+ 

fluenza B. I t  is apparent that these agents 
fell into 3 general groups with Lee, Hawaii 
and Warner viruses serving as the prototypes. 
I t  is noteworthy that the B viruses studied 
did not display the numerous intermediate 
variations encountered among the A viruses 
examined by this method. This difference 
may be due more to chance selection of 
strains than to a real difference between the 
2 groups; perhaps other intermediate forms 
will be found among B strains. 

Present studies on the anti- 
genic composition of influenza viruses isolated 
prior to 1945 are, for the most part, limited 
to strains which have undergone numerous 
passages in animals and eggs. Since such 
treatment may induce significant alteration 
in antigenic pattern( 11,12), our knowledge of 
the constitution of these viruses as they 
originally occurred in the human population 
and of their native relationships to each 
other, must remain largely theoretical. 

The question of whether influenza viruses 
exist in nature in constant or changing anti- 
genic form has been speculated upon by a 
numlber of workers(3,9,13,14). Some evi- 
dence for the latter possibility was presented 

11. Hirst, G. K., J. Exp. Med., 1947, vS6, 35'1. 
1 2 .  Francis, T., Jr., PROC. SOC. EXP. BIOI.. AND 

13. Magill, T. P., and Sugg, J. Y., PROC. SOC. EXP. 

14. Taylor, R. M., A m .  J. Pub.  Health, 1949, v39, 

Discussion. 

MED., 1947, v65, 143. 

BIOL. AND MED., 1943, V53, 104. 

171. 

in an earlier report (9) in which it was shown 
that certain strains of influenza A, isolated in 
the United 'States and Europe since 1947, 
showed progressive change in antigenic pat- 
tern in successive years. These tests were 
repeated in the present studies with essentially 
identical results giving credence to the idea of 
continuing change in influenza A. A possi- 
ble explanation for the origin of such variants 
was suggested by Taylor( 14) who conceived 
that natural passage of influenza virus in the 
human subject, where antibodies are en- 
countered as a result of previous infections, 
may give rise to strain deviation. 

It is of importance to note, however, that 
irrespective of whether a single line or sev- 
eral lines of influenza virus exist in nature in 
constant or changing form, strains of virus 
close in antigenic composition to earlier pro- 
totypes have recurred after widely separated 
time intervals. Thus, the CAW-3 virus, which 
was similar to PR8 (Table I V )  , occurred 1 5  
years following the isolation of this latter 
agent. Likewise, the Hyde and Hume viruses 
which were essentially identical, were isolated 
12 years apart. The similarity of Hyde and 
Hume strains to FM1 in hemagglutinin tests 
with FMIl chicken antiserum was in contrast 
to the findings of Ward and Eddy(8) who de- 
tected no relationship by the mouse neutraliza- 
tion test. Likewise, the failure of PR8 anti- 
serum to react significantly with WS virus, as 
shown in this and other studies employing 
hemagglutination( l5 ,16) ,  was not demon- 
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strated by the mouse test (8) ; with the latter 
technique, WS virus was strongly neutralized 
by  PR8 antiserum. Such observations as 
these point up the different results obtained 
in certain instances by the two methods and 
the hazards of relying on one method alone 
for evaluating the relationships among strains 
of influenza virus. 

The data (Table TI7) concerning the C.4lY 
and Canadian -1rctic viruses from the out- 
break among Eskimos on remote Victoria 
Island, S.1V.T.. are of special interest. In  
the first place, 2 widely different antigenic 
forms were apparently involved in the out- 
break: CA\lV-3 virus resembled PRS and 
C-4bY-5 was similar to FAIZ. 1Yhile strains 
resembling PR8 have not been found for a 
number of years, viruses of the same general 
form as F311 were isolated from patients 
throughout the populated cities in the DO- 
minion during the winter of 1949( 7 ) .  I n  the 
second place, these viruses, which were anti- 
genically similar to recognized laboratory 
strains, were apparently responsible for this 
outbreak in which the morbidity and case 
fatality ( 100% and 20% respectively) ap- 
proximated that of the last great pandemic. 
Either virus was presumably of sufficient viru- 
lence to cause death. directly or indirectly, 
since strains C-4W-4A% (resembling PR8) and 
C-41Y-5 (resembling FNl)  were recovered 
from autopsy material. The  excessive mor- 
bidity in this outbreak may have been due to 
lack of recent experience with influenza virus 
as indicated by the low antibody titers in the 
Eskimos of the region prior to the epi- 
demic( 7 ) .  Many of the deaths were prob- 
ably due to secondary bacterial invaders 
since the sulfa drugs and penicillin were 
highly effective in treatment(6). I t  is 
of considerable interest that these viruses 
which produced a limited outbreak of 
disease of high morbidity and mortality 
among Eskimos were not of unusual vir- 
ulence for the 50-odd white inhabitants of 
the region. The  latter, who were probably 
immunized through earlier experience with 

15.  Hudson, S. P., Sigel, M.  M., and Markham, 

16. Hirst, G. K ,  J .  Exp .  Med . ,  1933, v78, 407. 
F. S., J .  Ex$. Aled . ,  1943, v77, 467. 

influenza virus, did not suffer serious infec- 
tion a t  the time; indeed, only 1 required 
medication. 

The diversity in antigenic constitution of 
influenza viruses necessitates the inclusion of 
a plurality of strains in the prophylactic vac- 
cine to provide a complete coverage against 
agents from the earlier as well as more recent 
outbreaks of the disease. Spatial and prac- 
tical considerations limit the number of strains 
which can be incorporated into the vaccine 
so that it is desirable to select a group of 
strains in which most of the principal anti- 
gens of influenza viruses are represented and 
which are satisfactory in other respects such 
as  growing’abundantly in eggs, eliciting a good 
immunologic response in man and being anti- 
genically stable on inactivation and storage. 

Present formula influenza vaccine for mili- 
tary and civilian use is made of YR8 (22 
2/’9%), FA11 (22 2 / 9%) ,  FLV-1-50 (also 
called Cuppett or Z virus--22 2/9%) and  
Lee (33 1 3 % )  viruses(l7). The data in 
Table IV revealed that while most strains of 
influenza .A appeared to be covered by anti- 
sera against the viruses in the vaccine, a defi- 
nite antigenic deficiency was suggested in 
that none of the antisera reacted significantly 
with 113. I n  view of the broad antigenic pat- 
tern of Hickcox virus, in the current tests, 
further studies on this A strain appear war- 
ranted. The  present vaccine also appears to 
be deficient in its coverage of B strains. The  
present work, as well as that  of others(4,5, 
18,19) showed that the Lee strain is appre- 
ciably different from a number of other B 
viruses. The  latter shortcoming might be 
eliminated by incorporation of 1 of the more 
recently recovered strains of R virus such as 
IBI .  

The  1233 strain of Taylor ( l4)  together 
with the same or similar agent recently iso- 

17. Laboratcry of Biologics Control, National In- 
stitutes of Health, Memorandum t o  Manufacturers 
of Influenza I-irus Vaccines, dated October 11, 1950. 

18. Lazarus, -4. S., PROC. SOC. EXP. RIOL. AND MED, 
1949, v71, 317. 

19. National Office cf Vital Statistics, Public 
Hcalth Service, Communicable Disease Summary for  
Week Ended May 6, 1950, Laboratory Supplement 
of May 11, 1950. 
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lated bq- Francis, Quilligan and Minuse (20) 
poses another problem as regards the current 
vaccine. Khether these will eventually be in- 
cluded as immunizing agents remains to be 
determined, but a t  the moment the question is 
essentially a theoretical one since the new 
strains are difficult to grow by the methods 
commonly employed for commercial produc- 
tion of influenza virus. 

I'i'hile the selection of strains of influenza 
virus for use in a vaccine cannot be based on 
in iitro studies alone, the agglutination-in- 
hibition test might be expected to assist mate- 
rially in the choice of new strains for de- 
tailed examinations. The marked strain 
specitici ty of chicken antisera when employed 
in the influenza agglutination-inhibition test 
appears to provide a simple and effective 
means for the rapid preliminary antigenic sur- 
vey of a large number of strains. 

20. Francis, T., Jr., QuiUigan, J .  J., Jr.,  and 
Minus?, E.. Science, 1950, v112, 495. 

Summary. Influenza -4 viruses, as revealed 
by agglutination-inhibition tests with rooster 
antisera, comprised a graded series of anti- 
genic forms in which precise subgrouping was 
not possible by the present method. The B 
strains examined fell into 3 subgroups. The 
reappearance from time to time of strains 
closely related to an earlier prototype, neces- 
sitates the selection of a group of strains for 
a polyvalent vaccine which possess broad 
immunogenic activity. Certain possible de- 
ficiencies in the present formula vaccine were 
mentioned. The recent outbreak of influenza 
among Eskimos in remote Victoria Island, 
Canada, in which there was mortality and 
morbidity approaching the pandemic form 
of disease, was apparently caused by 2 dif- 
ferent viruses which resembled the well- 
studied PR8 and FMl strains of influenza A. 
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It was recently shown that ACTH and cor- 
tisone were capable of inhibiting the phenom- 
enon of local tissue reactivity. The sub- 
stances failed to suppress the state of re- 
activity following the preparatory injection 
of the bacterial toxin but conferred protection 
against the effect of the provocative intra- 
venous injection of the toxin( 1 , 2 ) .  These 
findings were confirmed by Thomas and 
Mogabgab. I n  extending the studies they 
found that when the preparatory intradermal 
injection of the toxin was accompanied by 
an intramuscular injection of ACTH or corti- 
sone, there appeared a petechial reaction at  

1. Soffer, L. J., Shwartzman, G., Schneierson, S. 
S.. and Gabrilove, J. L., Science, 1950, v l l l .  303. 

2.  Shwartzman, G . ,  Schneierson, S. S., and Soffer, 
L. J., PRW. SoC. EXP. BIOL. AND MED., 1950, v75, 173. 

the site of the toxin injection in the absence 
of the provocative intravenous injection of 
the toxin. In  rabbits receiving no cortisone 
or ACTH the intradermal injection of toxin 
failed to produce any hemorrhagic reaction 
unless followed by a provocative injection of 
the toxin. The lesions described differed 
sharply in appearance from the typical reac- 
tion of the phenomenon of local tissue re- 
activity( 3 ) .  Since the observations suggested 
that ACTH and cortisone may be capable of 
enhancing the susceptibility of tissues to the 
primary effect of bacterial toxins, they were 
led to determine the effect of the hormones 
upon bacterial infections. I n  experiments 
in this direction Mogabgab and Thomas 

3. Thomas, L., and Mogabgab, W. J., PROC. SOC. 
EXP. BIOL. AND MED., 1950, V 7 4 ,  829. 


