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were equivocal. Leukemic lines were estab- 
lished in C3Hf/Lw and C3Hf/Fg strains 
through inoculation of virus into prospective 
parents in the neonatal period. The frequen- 
cies and ages at death from lymphocytic leu- 
kemia through 4 generations of C3Hf/Gs mice 
revealed no loss of virulence of virus. Appar- 
ently, low-leukemic and high-leukemic lines 
may be established simply through foster- 
nursing of litters. There was no evidence to 
support the concept for transmission of virus 
through germinal cells. The results reported 
here concerning the pattern for congenital 
transmission of Moloney virus stand in sharp 
contrast to the patterns for transfer of poten- 
tialities to develop leukemia in the high-leu- 
kemic strains of mice, AKR, C58, F and 
C3Hf/Fg. 
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The plaque technique developed by Dul- 
becco(1) provides a method for relatively 
precise analysis of infectivity of virus prepara- 
tions. This technique also lends itself to isola- 
tion of pure lines of virus. In many instarices 
plaque morphology has been used to differen- 
tiate between virus strains and types (2,3). 

Deibel has reported plaque formation with 
parainfluenza type 3 virus in stable human 
amnion cells (4). Marston and Vaughan have 
reported a plaque method for parainfluenza 
type 3 virus assay wherein the plaques are 
located by the hernadsorption technique (5) . 
Hsiung has reported that the plaque technique 



may allow detection of some in j  xoviruses. al- 
though cytopathic changes are not appareril 
in fluid cultures of the virus(6). This report 
describes adaptation of the plaque technique 
for parainfluenza type 2 virus in nionola!ers 
of grivet monkej kidne? cell cultures. 

Materials and methods. Viruses. The strai ti 
of myxovirus parainflueiiza t!pe 2 used 
throughout these studies was obtained froiii 

Dr. Robert M. Chanock arid has been propa- 
gated in grivet nionke? kidnej- cell cultures 
in this laboratory-. The strain has been freecl 
of contaminating simian viruses. All of thtb 
virus samples described here were obtaiiietl 
irotii infected fluids of grivet inonkey kidlie! 
cell cultures or purified preparations iiiade 
from these infected fluids. 

Tissue culture. Trypsinizetl grivet nionke! 
kidney cells were obtained I)! digestion of t h v  
cortical tissue with 0.25:; tr) psin I Wilsoii 
1 :300) overiiight at 5°C. The tr)psiiiized cells 
were harvested by centrifugatioil and sus- 
pended in growth medium ( 0..Scl lactalbuniiti 
hydrolysate. 0.025% yeast extract. Hanks’ salt 
solution, and 2% calf serum 1 .  The cells wert. 
planted in Smith bottles at a concentration of 
250,000 cells/ml and 25 ml/hottle. The bottle> 
were incubated at 36-37’C. The medium wa3 
removed on the fourth or fifth day and re- 
placed with medium 199 containing 2% calf 
seruni. The cell cultures were read! for plaqut. 
tests 7 days after planting. 

Agar overlay medium. a I T\%o per cent agar 
(Difco, granular). The agar is prepared as re- 
quired as a 2% (W/V) solution. The agar is 
sterilized by autoclaving for 30 minutes at 
120°C. It is removed from the autoclale. 
cooled to 45”C, and kept at that temperature 
until used. 

b)  A 4.3X concentrate of the nutrient me- 
l d  

Autoclaved demineralized ivater 300 
43 

Hanks‘ salt solution 1OX. wi thout  
4 3  1 

dium is made up as follows. 

Eagle’s amino acids (10OX ’’ 

glucose. low ca l c iu i~~~‘  ”- 

(;lucose (100 g/l) 43 
Glutamine (29 g/l) 43 
Sodium bicarbonate (I.Oo/, 1 7 2 5  
I’e r i i ( v  i 11 i I 1 ‘l.;4( ).OOO u 11 ii. 
Streytotii) vi t i  4 3  I,( ,y 
Au toc:lavc~l rlet ni rit:ralixeci w a t w  

t o  inakc 1 lilcr. 

(:) All components of the medium are ster- 
ilized by filtration through Selas 02 or ultra- 
fine glass filters. It is important that this con- 
(witrate he prepared by adding each of the 
ingredients in the order listed. The medium is 
adjusted to pH 7.5 k 0.05 with sodium hydrox- 
i c l c b .  

d 1 The final overlay medium is prepared by 
tiiixiiig 30 ml of the medium concentrate per 
every 100 in1 of 2% agar at 45°C. Two and 
twentj-five one hundredth (2.25) ml of neu- 
tral red t0.17; W/V) is added for each 130 
t i 1 1  of overlay. It is essential that all materials 
he thoroughly mixed. 

P’irus seeding. The medium is removed from 
ei1c.h of the cell culture bottles. The cell sheet 
is ivashed once with low calcium Hanks’ (con- 
ta i  tiirig glucose), adjusted to pH 8.0. Cultures 
are seeded with 0.5 ml of the appropriate virus 
dilution. Hanks’ balanced salt solution at pH 
:LO is used as the virus diluent. The bottles are 
placed on a level surface in a 36-37°C incu- 
hator for 1.5 hours. At the end of incubation 
period. they are removed from the incubator 
a i d  25 nil of final overlay medium pipetted 
into  each bottle in such fashion that the agar 
does not impinge on the cell sheet directly. 
The bottles are placed cell sheet down at room 
temperature until the agar hardens. They are 
theii placed (inverted) in an incubator at 36- 
:37 C. All the plaque cell cultures are covered 
\$ ith aluminuin foil to avoid the photodynamic 
destruction of the cell sheet by neutral red. 
The plaques are countable and are read in 
10-72 days. 

Results and discussion. Incubation time. By 
the method described, excellent plaque forma- 
tion was obtained with parainfluenza type 2 
virus. Typical plaques are shown in Fig. 1. 
Plaques were not easily discernible 8 days 
after seeding. By the tenth day of incubation, 
the plaques were readily visible and could be 
c.ounted itlith ease. The number of plaques per 
1)ottle usually increased by the twelfth day 
atid the plaques grew somewhat in size. Typ- 
ical data indicating numbers of plaques per 
hottle at 10 and 12 days of inclubation are 
given in Table 1. 

- - __ __ - - - 

. Ohtainetl Irotii Mic.rc)hit,li,Kic.al Associates as a 
-1eri le I)rotl twt. 

I Z ~ i h y ~ I r o u ~  c d c i u u i  chloride, 0.7 g/liter. 
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FIG. 1. Plaques of myxovirus parainfluenza type 2 in 
grivet monkey kidney cell cultures. 

TABLE I. Plaque Counts at 20 and 12 days. 

10th Day 12th Day 

Sample No. of No. of 
No. plaques/bottle plaques/bottle 

~ ~~ 

89,109 107, 128 
68,95 109, 81 

25,35 24,35 
100, 164 128, 167 

12, 11 13, 12 

45,45 49,54 
.21, 13 21,12 

113, 92 132, 1341 
’ 6, 5 8, 7 

Correlation of plaque assay with roller tube 
hericadssorption assay. The plaque assay, in 

general, showed good correlation in magnitude 
with infectivity titers of parainfluenza type 2 
virus measured by the hemadsorption end- 
point (7). These data are outlined in Table 11. 
TABLE 11. Comparison of Plaque Assay with Roller 

Tube Hemadsorption Assay.* 

Sample 
No. PFU/0.2 ml TCID5o/0.2 ml 

1.8 x 
.5 x 
.6 x 

2.0 x 
.6 x 
.7 x 

1.1 x 
.6 x 

1.5 x 

106 

10s 
106 
106 

105 

105 
107 
107 
106 

5.0 x lo6 

2.5 x 108 
5.0 x lo6 

1.6 x los 

1.0 x 105 

1.6 x 107 

1.6 x 107 
1.6 x 107 
2.5 x 106 

* Hemadsorption assays were performed in grivet 
monkey kidney cell cultures. 0.5 log dilutions were 
employed. A 0.1% suspension of guinea pig erythro- 
cytes was used. Incubation with red cells for 20 min 
at 4°C and 2 hr at room temperature. 

We are indebted to Dr. Louis Potash for hemad- 
sorption assays. 

Proportionality on dilution.? An analysis of 
the proportionality on 10-fold dilution was 
made for a series of 58 samples. A 10-fold in- 
crement should yield a theoretical ratio of 0.1 
or 10%. Geometric mean ratio for the 58 Sam- 
ples analyzed was estimated to be 0.105 or 
10.5% with 95% confidence limits of 9.1% 
and 12.1%. This did not differ significantly 
from expectation. Individual values ranged 
from 2.4% to 20.4%. 

Summary. A method has been described for 
plaque formation of parainfluenza type 2 virus 
in grivet kidney monolayer cell culture. The 
method has shown utility in the assay of virus 
infectivity. The plaquing technique should also 
be useful for cloning of this virus for genetic 
studies. 

t We are indebted to Mr. Joseph L. Ciminera for 
statistical analysis of our data. 
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