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.52. In the tagged cell experiment, alpha dose 
to blood per pc is .IS rad, and fraction 
of Pb“’” atoriis which decay in blood is .78. 

At 30 hours PWl2 in escreta is about 67; 
of the total F’b”‘” a t  that time. 11ost of the 
excretion takes place 1 to 3 half periods after 
injection. so that the actual amount of PW12 
which decays outside the dog ( i . c . ,  in excreta) 
is only 1 to 2% of the amount originally in- 
jected. Thus our error will lie small i f  we 
use the simplifying assumption that all Pb212 
decays inside the dog. Hence. in summary. 
when blood cells are tagged with and 
injected into the dog. about 4 5 of the alpha 
energy is delivered to hlood and I 5 to the 
remainder of the dog. \\-hen 1’h212 is injected 
intravenously. half decays i n  blood and half 
in the rest of the dog. Jt follows then. that 
when thoron decays in blood. half the result- 
ing 1Wl2 can be expected to decay in hlood 
and half elsewhere in the dog, ‘Therefore. with 
information gained from these esperimentr, 
we will be able to calculate the aniount of 
thoroii which decays in blood i f  we k n o ~  
JWt2 concentration in hlood and total hlood 
volume. 

Suininarj1. Beagle metabolism oi short- 
lived J’bL’12 has been studied following intra- 
venous injection, and after transfusion of 
blood cells tagged with 1 ’ 1 ~ ~ ’ ~  in v i fro.  ?‘he 
latter proved to be a satisfactor!. method to  

determine blood volume. When Pb212 was 
given intravenously, in vivo tagging of blood 
cells occurred. A maximum of 65% of the 
activity in cells was reached a t  2 to 3 hours 
after injection, then Pb2I2 in blood cells de- 
creased with a biological t l h  = 37 hours and 
a11 effective t,,,; = 8.2 hours. The same de- 
crease occurred after injection of in vitro 
tagged cells. In both experiments essentially 
all I’b“’“ decayed inside the dog. Half de- 
cayed in blood in the in vivo tagging experi- 
ment: 4 ’ 5  decayed in blood when tagging was 
done in zlitro. 

The author acknowledges assistance of D. K. 
.4thcrton, N. Kcller, and R. I,. Flo>.d. 

1. Mays, C. \V., Haldin, R.,  \‘an nilla, M. A., Rad.  

2. Rchrcns, B., Pachur, R., ,4rch. Exp.  Path.  u. 

3 .  Schuhert, J., White, M. R., J .  Lab. Clin. N e d . ,  

4. Kcddi, K.  K., Arkiv.  Keiiii, 195.3, v6, 147. 
5 .  Hevcsy, G., Nylin, G., Circdation RPS.,  195.3, 

6. Aub, j. C., Evans, R. D., Hempelmann, I,. H., 

7 .  \’an Ililla, M. .4., Schuch, R. L., Anderson, E. C., 

S. Parkinson, John E., Dougherty, Jean H., PROC. 

l?vs., 1958, 79, 438. 

P h w i a k o l . ,  1927, v122, 319. 

lo.<?, v.39, 260. 

- \ . I ,  102. 

JInrtland, H. S., Medicine, 1952, v31, 221.  

.I i d c o i z k < ,  1954, v12, 22.  

5c;c.. E w .  HIOL. AXD MED., 1958, -v-97, 722. 

Rccei\-cd October 31, 19.58. P.S.E.B.M., 1959, v100. 
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Thirty -t hree influenza-associa ted deaths 
were observed in greater (’leveland during the 
1957 pandemic of Asian influenza. Asian vi- 
rus was isolated from lung or trachea in 25 of 
the 33, and from extrapulmonary tissues in 3 
of the 2 5  respiratory tract-lmitive cases. Al- 
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though influenza virus has been recovered 
from blood and extrapulmonary organs in ex- 
perimental infection in animals, occurrence of 
viremia has not been shown in natural influ- 
enza infection in man( 1) .  This report deals 
with viral studies on pulmonary and extrapul- 
monary tisues from fatal human cases. Re- 
covery of virus from liver, spleen, kidney, 
heart, tonsil and lymph node supports the con- 
cept that viremia does occur during over- 
whelming human infection. Detailed analyses 
of clinical, bacteriologic and anatomic findings 
of these studies will be reported elsewhere( 2 ) .  

Methods. Source of material. Tissues 
were obtained from 33 influenza-associated 
deaths, 25 of which met the following criteria: 
1) history of influenza-like illness; 2 )  charac- 
teristic anatomic findings (acute hemorrhagic 
and necrotic tracheobronchitis : pulmonary 
edema and congestion ; and intra-alveolar 
hemorrhage with or without pneumonitis) ; 
and 3 )  isolation of influenza virus from lung 
or trachea. Extrapulmonary tissues were 
available in 15 of 2 5 respiratory tract-positive 
cases. Tracheobronchial lymph nodes and 
tonsils were not collected regularly and there- 
fore were tested in only 2 instances. Necrop- 
sies were performed within 12 hours after 
death. Viral studies. Organ samples were 
collected as soon as body cavities were opened 
and before systematic examination of viscera 
was carried out. Using washed, flamed in- 
struments, tissues were removed, placed in 
sterile lusteroid containers, and either tested 
immediately to establish presence of virus or 
stored a t  -70°C until processing. Lung and 
trachea were examined initially and, when 
positive, the extrapulmonary tissues were 
tested. Other organs from respiratory tract- 
negative cases were not studied. Tracheal 
mucous membrane was stripped from under- 
lying structures, ground with alundum@, and 
10% suspension in veal infusion broth ap- 
proximated. Twenty % suspensions by weight 
of lung and extrapulmonary tissues were pre- 
pared in similar manner. To each ml of sus- 
pension were added 200 units of penicillin and 
0.2 mg streptomycin. One-tenth ml was in- 
oculated into the amniotic cavity of each of 
six 1 1-day-old embryonated hens’ eggs. Am- 
niotic fluid was harvested after incubation at  

37°C for 3 days and tested for hemagglutina- 
tion with chicken red cells a t  room tempera- 
ture. Each isolate was identified a5 Asian 
type by specific antisera. A negative result 
with lung or trachea was defined as failure 
to demonstrate hemagglutination after the 
original and 1 blind passage on 2 consecutive 
attempts from original material, and with 
extrapulmonary tissues after the original and 
2 blind passages. Each positive isolate ob- 
tained from extrapulmonary tissue suspen- 
sions was confirmed 3 times by repeating the 
procedure from the original tissue. Tissue sus- 
pensions were assayed for virus content em- 
ploying 10-fold dilutions ( 1 : 10 to 1 : 10,000,- 
000) of lung and trachea, and 1:5, 1:25 ,  1:50 
and 1 : 500 dilutions of extrapulmonary organ 
suspensions. One-tenth ml of each dilution 
was inoculated into amniotic cavities of six 
1 1-day-old embryonated hens’ eggs. Amni- 
otic fluid was harvested after 3 days’ incuba- 
tion a t  37°C and tested with chicken red cells 
a t  room temperature. When virus was not 
found on first passage of a given dilution of 
organ suspensions, 2 blind passages were 
made in eggs from pooled amniotic fluids of 
the first passage. The concentration of virus 
in lung and trachea is expressed as the recipro- 
cal of highest dilution of suspension from 
which virus was isolated after first amniotic 
passage, and in extrapulmonary tissues, after 
first and subsequent passages. 

Results. Asian strain influenza virus was 
isolated from extrapulmonary organs in 3 of 
15 cases: in one it was present only in the ton- 
sil; in the second, in spleen and lymph node 
and in the third, in liver, spleen, kidney and 
heart. The clinical, anatomic and bacterio- 
logic findings in the 3 cases are shown in 
Table I. The 2 children were previously 
healthy, but the adult had serious pre-existing 
liver and kidney disease. 

The histologic appearance of virus-positive 
extrapulmonary tissues (Table TI) revealed 
acute nonspecific inflammatory changes in ad- 
dition to pre-existing chronic disease. Al- 
though virus was isolated from heart muscle 
(Case 19) showing acute arteriolar lesions, 
virus could not be demonstrated in myocar- 
dial suspensions from 13 respiratory tract- 
positive cases, 3 of which exhibited acute myo- 



carditis histologically, nor in brain suspen- 
sions from 13 cases, 2 of which were charac- 
terized clinically by widespreatl involveinen t 
of the central nervous system. I’irus titra- 
tions were performed on tissues from both es- 
trapulmonary-positive group and 3 other cases 
from which virus had been recovered only 
from the respirator!. tract (‘ralile I 1  I ) .  (‘on- 

centration of virus. expressed as reciprocal of 
highest dilution of suspension from which 
\*irus was isolated. ranged in pulmonary tis- 
sites from 100 to 100.000 and in  extrapulmon- 
ary tissues from 25  to 500 after the first 
;tmniotic passage. After one or 2 blind pas- 
sayes of  those dilutions of organ suspensions 
negative on first passage. virus was detected 
in the 1 : 5  dilution of spleen in Case 19. the 
I : .?OO dilution of spleen in Case 6. and the 
1 : 1000 dilution of tonsil in Case 28. 

I)isrussion. Hamre and her co-workers( 1) 
demonstrated virus in blood and extrapulmon- 
;tr>- tissues in experimental influenza infection 
in itnilnals. and suggested that viremia might 
it150 occur in natural influenza in  man. At- 
teinl)ts to isolate virus from blood were not 
carried out in o u r  study. hut virus was ob- 
I ; i i l i e ( l  froni vsl ral)ulmon;iry tissues. Local- 
imtion of v i r i i h  i n  tlistant orgalis leiids strong 
.sul)l)ort l o  the I)rest*ncc of virenh (luring 
( ive r whelm i ng h 11 niiin in fecti on. 

Flewett and Hoult(3) have recently de- 
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* Cone. = reciprocal of liighest dihtioii of suspc~ision froin which virus was isolated after 

t One or more extrapulmonary tissucs WCPC avnilablc for tcstiiig froin 15 cascs. 
$ Reciprocd of highest dilution af t r r  third pnssngc. 
$ I d e m  second 

first amniotic passage. 

0 = Negative. NT 1 Not tested. 

scribed fatal cases of Asian strain influenza 
associated with encephalopathy at  height of 
acute attack. Virus was isolated from both 
brain suspension and a pool of lung and tra- 
chea in 1 case. A 1 : 10 dilution of brain sus- 
pension failed to yield virus, although virus 
grew well in eggs inoculated with a 1 : 1000 di- 
lution of lung and trachea. The authors sug- 
gest their findings may have been due to post- 
mortem room viral contamination of brain 
samples, or to viremia. 

Despite the relatively low concentration of 
virus in extrapulmonary tissues in our study, it 
is unlikely that the findings are the result of 
contamination either in autopsy room or lab- 
oratory. Collection of specimens was carried 
out before the pathologist conducted routine 
dissection. Instruments were washed and 
flamed immediately prior to use. Samples of 
tissue were placed in sterile lusteroid contain- 

ers as soon as they were removed from body. 
Positive isolation of virus from extrapulmon- 
ary tissues was repeated a t  least 3 times for 
each sample tested. Finally, systemic mani- 
festations, both clinical and anatomic, suggest 
the likelihood of blood-stream dissemination 
of virus in fatal influenza in man. 

Summary. Asian strain virus was demon- 
strated in extrapulmonary tissues from 3 in- 
fluenza-associated deaths. This finding sug- 
gests the occurrence of viremia in overwhelm- 
ing influenza in man. 
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