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A property shared by many myxoviruses is 
their capacity for multiplication in lungs of 
certain rodents ( 1,2 ) . Many of the genetic 
factolrs and quantitative aspects of experi- 
mentally induced infections with influenza vi- 
ruses have been described (3) .  With exten- 
sive use of tissue culture for virus isolation, a 
group of myxoviruses with common properties 
has recently been recognized ( 4 3 ) .  These vi- 
ruses were designated as para influenza viruses 
1, 2 ,  and 3 to indicate their distinctness from 
influenza viruses. Because of their impor- 
tance in the etiology of childhood respiratory 
illness, and of their potential importance in 
adult respiratory disease, experimental animal 
hosts were sought in which in vivo virus-host 
relationships could be studied ( 6). The pres- 
ent study is concerned with occurrence and 
quantitative aspects of pulmonary infection in 
hamsters with the type 3 para influenza virus. 

Methods and materials. Virus. The C 243 
strain of para influenza 3 virus, isolated in 
195 7 from a child with pneumonia ( 5 )  , was 
passaged 7 times in rhesus monkey kidney 
cultures and twice in Salk monkey heart cul- 
tures. A stock pool of virus, prepared by corn- 
bining equal volumes of infected monkey heart 
culture fluid and skimmed milk, was stored in 
glass sealed ampules in a COa chest. Inocu- 
lation of hamsters. One-month-old, recently 
weaned, golden hamsters of both sexes, weigh- 
ing 60 to 70 g were used. One-tenth ml of 
varying dilutions of tissue culture fluid or 
lung suspension was inoculated intranasally 

* Present address: Middle America Research Unit, 
Balboa Heights, Canal Zone. 

under ether anaesthesia. Inoculated animals 
were housed in groups of 2 or 3 in shoebox- 
sized containers in semi dark room. Control 
animals were inoculated with sterile normal 
lung suspension and housed similarly. At vari- 
ous intervals following inoculation, hamsters 
were lightly anaesthetized with ether and ex- 
sanguinated. Lungs were removed aseptically, 
washed twice in Hanks’ balanced salt solution, 
and a 101% suspension prepared in 50% 
skimmed milk in Hanks’ solution by grinding 
in mortar with alundum. Lung suspensions 
were stored a t  -60°C until titered. Titration. 
Decimal dilutiolns were prepared in Hanks’ 
solution and 0.2 ml was inoculated into each 
of 2 rhesus monkey kidney cultures. These 
cultures were maintained in Eagle’s basal me- 
dium without serum. Seventy-two hours fol- 
lowing inoculation, cultures were examined 
for evidence of infection by the hemadsorption 
technic. Cultures were washed twice with 
Hanks’ solution and 1 ml of 0.1% suspension 
of guinea pig red cells was added. Following 
20 minutes incubation a t  4OC they were ex- 
amined for presence of erythrocytes adsorbed 
to the tissue culture sheet. TCDSO (Sol?& tis- 
sue culture dose) was calculated by the meth- 
od of Reed and Muench( 7 ) .  Serology. Com- 
plement fixation tests were performed by 
modification of the method of Bengston(5). 
Complement fixing antigens for various myxo- 
viruses were prepared as described previously 
(8) - 

Results. Para influenza 3 virus was carried 
through 15 consecutive intranasal passages in 
hamsters. The inoculum of tissue culture vi- 
rus which initiated the passage series con- 
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TABLE I. Multiplication of Pa ra  Influenza 3 Virus in Hanister Lung. 

Quantity of virus recovered from lungs a t  indicated time after 
i I LO(' 111 R ti on--log,, 

Tissue II:tni+c.r Tissue Ham s t er 

v i r m "  sage G viriist virus sage 8 virus:: 

Esp. 1 Exp. 2 

culture lung 1'""- CllltUrc 1""g pas- 

Hr aftcr 
iiitrminstil Iiio~uluni T n o c i ~ l u ~ r ~  Inoculiiiu Inoculuin 
iiioculntioii = 4 . i  4.2 = 4 . i  = 4.3 

* 7 passagcs in tissue culturcs dc.rived fro111 ~ i i o i i k ( y  kicliicy followetl by 2 passages in mon- 

t 6 in ~L'it'o liaiiistcr passages initiated x-ith tis"ii(1 cul ture  virus. 
$ 8  It1 c ) )1 

key heart culturc. 

0 Mean of valucs obtained from 2 hamsttw. 

tained lo.?.$ TCDSo. Hamsters were sacri- 
ficed after 45 hours and 1076 suspension of 
lung tissue served as inoculum for the nest 
passage. A 48-hour interval was selected for 
the passage series since growth curve study 
indicated that near maximal levels of virus 
were present a t  that time (Table I ) .  \'irus 
content of lungs ranged between and 
106.'J TCD30 and the quantity present during 
early passages did not differ from that during 
later passages. No respiratory symptoms were 
noted, no deaths occurred, and no gross lung 
lesions were observed. 

Para influenza 3 virus was not detected in 
lungs 1 or 6 hours following inoculation of 
lW7 TCDJO of tissue culture grown virus. 
At 12 hours virus was present a t  a low level 
and increased in titer over the next 24 hours 
to reach a high level a t  36 hours (Table I ) .  
These findings, together with results of 15 
serial hamster passages, indicate that para in- 
fluenza 3 virus possesses capacity for growth 
in the hamster lung. 

Not shown in Table I is the finding that lev- 
els of virus comparable to those recovered a t  
48 and 72 hours were present 96 hours after 
intranasal instillation. At 120 hours, small 
quantities of virus averaging lo3 TCD5" were 
present in the lung, while a t  144 hours virus 
could not be detected. Lung lesions were not 
observed 6 days following virus inoculation. 

The pattern of growth of 6th and 8th ham- 

ster passage virus in hamster lung was com- 
1)ared with that of tissue culture virus from 
which it was derived. This comparison (Ta- 
ble I ) ,  was performed to determine if variants 
with a higher level of growth or a more rapid 
pat tern of replication were selected during ani- 
mal passage. S o  significant difference was evi- 
dent in the growth curves, suggesting that 
tissue culture virus population contained virus 
particles possessing the properties for opti- 
mum replication in the hamster lung. 

Quantity of virus required to1 initiate infec- 
tion in the hamster lung was determined (Ta- 
ble IT) for virus grown only in tissue culture 
and for virus which had undergone 5 subse- 
quent passages in hamster lung. Approxi- 
mately 1 tissue culture infectious dose of tis- 
sue culture virus was sufficient to infect ham- 
sters by intranasal route. After 5 hamster 
lung passages, the quantity of virus required 
to initiate infection of the hamster did not 
decrease. Tissue culture virus was thus as 
capable of infecting hamsters as virus which 
had been passaged in this animal. These 
findings suggest that selection of variants with 
increased infectivity for hamsters did not oc- 
cur during hamster passage. It appears that 
virus from human source which had been 
grown only in tissue culture possessed hoth 
optimum growth characteristics and infectiv- 
ity for the hamster lung. 

Six hamsters were inoculated intranasally 
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TABLE 11. Quantity of Para Influenza 3 Virus Required to  Infect Hamsters by Intranasal 
Route. 

Virus propagated iii 
Tissue culture" Hamster lungt 

Inoculuin iiif ec ted/No. from lungs, $ Tnoculum infected/Xo. froiii lungs,$ 
So. hamsters TCD,, recovered No. hamsters TCD,, recovered 

TCD,, inoculated log,, TC'D,, inoculated log,, 

320 3/3 5.4, 5.9, 5.9 500 3/3 4.9, 5.4, 5.9 
32 3/3 3.9, 4.9, 5.9 50 2/3 2.4, 2.4 

3.2 2/3 2.4, 3.4 5 0/3 
0/3 .3 u 3  3.4 .5 

.03 0 / 3  

" Monkey kidney culture passage 7, iiionkey heart culture passage 2. 
t 5 in vico hamster luiig passages initiated with above described tissue culture virus. 
$ Lungs tested 48 hr after iritrsiiasnl inoculation of virus. 

with 104.7 TCDS0 of virus and bled 3 weeks 
later to study their serologic response to para 
influenza 3 infection. When tested by com- 
plement fixation, pooled serum from these ani- 
mals had a titer of 1 : 1280 with para influenza 
3 tissue culture antigen and 1:20 with para 
influenza 3 soluble antigen. This serum 
failed to react at a 1: 10 dilution with the 
tissue culture or soluble antigens of para in- 
fluenza 1 (hemadsorption type 2 and Sendai) , 
para influenza 2,  or mumps. 

Discussion. Previous studies on replication 
of myxoviruses in the rodent lung have dealt 
mostly with influenza in the mouse. Egg 
propagated and mouse adapted influenza vi- 
ruses differed in their pattern of growth in 
the mouse lung. Strains of influenza A or B 
not adapted to the mouse were characterized 
by a lag phase during which multiplicatioln 
did not occur and by production of a smaller 
quantity of virus in the lung compared to the 
adapted strains which did not exhibit a lag 
phase( 3 ) .  Adaptation following mouse pas- 
sage has been interpreted as selection and 
overgrowth of virus mutants which replicate 
to a high titer without a preliminary lag phase. 

The  present findings which describe prop- 
er ties of tissue culture propagated para influ- 
enza 3 virus in hamster lung, differ consider- 
ably from those just summarized for influenza 
virus in mouse lung. Without prior multipli- 
cation in hamster lung, para influenza 3 virus 
appears to possess the genetic properties for 
hamster infectivity and replication which 
characterize an "adapted" strain. Thus, tis- 
sue culture para influenza 3 virus resembled 
virus which had been passaged in hamster 

lung as regards rate of multiplication in lung, 
quantity of virus produced in lung, and quan- 
tity of virus required to initiate infection. In  
fact, one infectious dose of tissue culture vi- 
rus as measured in that system was sufficient 
to infect hamsters by the intranasal route. 

The finding that para influenza 3 virus mul- 
tiplies to high titer in hamster lung may have 
practical implications in standardization and 
evaluation of vaccines. In  addition to the 
usual antibody production test, vaccines could 
be assayed for potency by their effect upon 
virus multiplication in the lung when ham- 
sters are challenged subsequent to vaccina- 
tion. 

Previous studies have established that para 
influenza viruses share common antigens( 5,s). 
Of some importance is the significance of 
heterotypic antibody in resistance to, or modi- 
fication of infection. A study of hamsters in- 
fected with one para influenza virus and chal- 
lenged with a heterotypic virus may yield in- 
formation pertinent to this problem. An in- 
vestigation of this nature is currently in 
progress. 

Sunzmary. Hamsters were infected by the 
intranasal route with para influenza 3 virus. 
One tissue culture infectious dose was suffi- 
cient to infect hamsters. Quantity of virus 
produced in the lung was the same, 105.9 to 
10(i.u, during infection with virus grown only 
in tissue culture or virus passaged in hamsters. 
Infected hamsters developed high lev& of 
CF antibody specific for para influenza 3 
virus. 
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Method for Detecting Antiviral Agents on Paper Chromatograms. (25817) 
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The procedure of placing paper chromato- 
grams on the surface of agar seeded with bac- 
teria to locate zones of antibiotic activity was 
first used to distinguish various components 
of a penicillin mixture( 1,2 ) . This method. 
now universally used in identification and 
purification of naturally occurring antibac- 
terial agents, can also be used in a similar 
manner for characterization of antiviral 
agents. The following discussion describes ail 
adaptation of the Dulbecco virus-plaque tech- 
nic (3 ) to this purpose. 

Materials  and  me thods .  Yreparot ion of 
agar overlay,  chick embryo cell cultures in 
Pyres baking dishes, infection of these cul- 
tures with West Nile and vaccinia viruses. 
subsequent staining of cells to observe 
plaques, and detection of zones of virus in- 
hibition have been described ( 4 ) .  .+lntiviral 
test inatevials used in our experiments include 
antibiotic 'CV-112, extracted with ether from 
an  unclassified streptomyces species culture 
and isatin-monothiosemicarbazone synthe- 
sized in our laboratories by Dr .  Frank Villani. 
Antibiotic W-112 at concentrations as lorn 
as 0.1 jug produced significant inhibition of 
plaques formed by It7. Nile, vaccinia, herpes 
simplex and Newcastle disease viruses. Isatin- 
monothiosemicarbazone inhibited only vac- 
cinia virus plaque formation. Since this com- 
pound is also active in preventing death of 
mice infected with many lethal doses of vac- 
cinia virus(5), it represents a model of an 

antiviral agent active both in zlitiyo and in vivo. 
Papcis chroiuatographic migration of antibi- 
ctic Tf7-112 was obtained with partition sys- 
tems using aqueous methanol as a stationary 
phase( 6)  on KO. 1 TT'hatman paper a t  20°C. 
Development time ranged from 1.1 to 3.2 
hours. Solvent systems included system 6, 
a mixture of 300 ml toluene, 100 ml light pe- 
troleum, 300 nil methanol and 700 ml of 
water. Solvent system 9 was a mixture of 200 
in1 toluene, 800 nil light petroleum, 200 ml 
meihanol and 800 ml of water. Analysis of 
isatin-monothiosemicarbazone was carried out 
on So. 1 Whatman paper a t  20°C, using sol- 
vent system 16, a mixture of 120 ml n-bu- 
tanol. 30 ml acetic acid and 50 ml of water, 
and solvent system 17 made up of 100 ml n- 
liutanol, 100 ml pyridine and 100 ml water. 
After drying, the ethylene oxide sterilized pa- 
per chromatograms (10 x 34 cm) were cut in 
half and top and bottom portions placed for 
5 min on separate agar overlays of virus in- 
fected cultures. This time period was ade- 
quate for diffusion of the antiviral agent into 
the agar. Longer time periods, however, fre- 
quently resulted in the cell sheet being de- 
stroyed, apparently by toxic residues left by 
chroma tographic solvent sys terns. Position 
and orientation of the paper were indicated on 
bottom of baking dish. After removal of pa- 
per, baking dishes were sealed with Saran 
LVrap (Dow Chemical Co.) , then incubated 
for 4 days at 36°C. The cell sheet was then 


