
hands, the test has been no more time con- 
suming or difficult than procedures now em- 
ployed to detect myxovirus H1 antibodies(8). 
Preliminary results suggest that the HI test 

can be utilized for purposes o f  rliaposis aiitl 

population survey. 
Summary. L. A stahlt* l*;'Ll(: Iteiiiayr;llutina- 

ting antigen was prepared h! alternate freezing 
and thawing of virus-infected HeLa cell w l -  
tures. 2. Optimal hemagglutination titers i j  ert. 
obtained at 4 '  arid 2.5 (; ~ i t h  human and 
guinea pig erythrocytes N he11 tliluents con- 
taining potassium and boron ions were used. 
3. A hema~,vlutination-irihi hitioil test emplo! - 
ing kaolin treated serum arid tissue culturcb 
antigen is described a i d  its practical useful- 
lies5 i i i  detecting aiitihod! i t 1  huniaii atid sit  i t i t 1  

se r u n i i s d el IIOI I 8 t rat ecl . 
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Quantitative Aspects of Friend Leukemia Virus in Various 
Murine Hosts.*+ (27081) 

A. Hon ~ K I )  ~'IE:I,I)STEE;L. YETI.:K J.  HAWSON AND WARREN L. BOSTICK 
I)c~pcrrtmrnt of Patholog).. r/Tniver.qit v o i Cdifornia School of Medicine, San Francisco 

The leukemia 1 i ru s  tlescrihed t ) !  Ftietitl 
(FIT) is considered to ha\c  a narrow ant1 
specific adult niurine host raiige 1 1.2.3 1 .  w- 
verely limiting the tj-pe of experiments which 
may be carried out. This virus has a relative- 
ly short latent period characterized hy splen- 
omegaly about one ~ e e k  after inoculation. 
with blood changes occurring later i n  the d is -  
ease. Because of the obvious advantages of 

utilizing a virus producing early onset of o\ ert 
disease, it seemed desirable to reinvestigate 
the host range with particular attention to  thv 
reliability of splenoniegal! as an earl! i t idi-  
cator of infection and suweptibilit!. It i t  as 
thought possible that inappareiit infect ioii 
might occur in some strains o f  inice withorit 
the usual early pathognomonic signs. 

Materials and Methods. CS?BL/Crgl, C3H/ 
* Partially supported by U.S.P.H.S. N.I.H. Grant. 
t The authors gratefully acknowledge the technical 

assistance of Mr. G.  W. Kohr. 

( :I.? I. (:3tT/Crg1/2$ DBA/2NCrgl, A/Crgl mice 
\ \  eIe obtained from Cancer Research Genetics 
1 ,aboratorp. Univ. of California, Berkeley. 
KALB/c mice were either from our own 
( w h y  or Roscoe B. Jackson Memorial Labor- 
atory, Bar Harbor, Maine, and are so indicat- 
cd. The random bred Swiss mice were from 
 he colony of the Hooper Foundation. All ani- 
riials were 6-8 weeks old at time of inoculation. 

The Friend virus used in these studies was 
received from Dr, C. F. T. Mattern of the 
\ ' i  rus  Laboratory. Univ. of California, Ber- 
keley. He had received it from Dr. Charlotte 
Friend after an unstated number of passes in 
5wiss mice. The stock virus used was from a 
large pool uf spleens prepared from the 11th 
pass in Swiss mice in this laboratory. Spleens 
were homogenized in a sucrose-phosphate buf- 
fer solution as a 20% suspension. This was 
centrifuged at 2,000 rpm for 10 minutes and 
the supernate distributed in sealed ampules 
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and stored at -70°C. Before use the suspen- 
sion was recentrifuged at 2,000 rpm for ten 
minutes. 

To determine susceptibility, mice of each 
strain were injected intraperitoneally with 0.5 
nil of the 20% suspension of virus. At 14, 21 
and 28 days after inoculation 7 to 10 mice 
from each group were sacrificed, the spleens re- 
Inoved, weighed, and a piece of each taken for 
histologic examination. Those showing foci of 
proliferating reticulum cells were deemed in- 
fected. The remainder from each group was 
pooled and treated the same as the stock virus. 
All spleen suspensions were diluted decimally 
from lo-' to and each dilution inoculated 
into groups of 10 Swiss mice except as other- 
wise indicated. Deaths occurring prior to the 
8th day after inoculation were considered to 
be non-specific. All animals dying after this 
time and those sacrificed at termination of the 
experiment on the 35th day were autopsied. 
Those with spleens weighing greater than 0.5 
g were considered to be infected with FV and 
were not examined further on the assumption 
that histologic evidence of disease was also 
present. An ID,, was then calculated on the 
basis of overt disease. Those with spleens 
weighing less than 0.5 g were examined histo- 
logically and the ID,, was recalculated from 
the combined total of those showing overt 
disease or microscopic evidence of infection. 

Spleen weights were also obtained from un- 
inoculated mice of each strain. 

During the latter stages of this work Dr. 

Friend kindly supplied us with 2 ampules of 
lyophilized virus passed in her laboratory. 
Our own BALB/c and Swiss mice were tested 
for susceptibility to this virus. 

Results and Discussion. It is apparent from 
Table I that the strains of mice fell into 3 cate- 
gories of susceptibility to FV. The A and CS7BL 
showed neither splenomegaly nor histologic 
evidence of disease. Both groups of C3H rep- 
resented an intermediate stage in that approx- 
imately 58% showed some evidence of in- 
fection. The DBA/2, BALB/c and Swiss mice 
appeared to be equally and maximally sus- 
ceptible, 96 to 100% showing evidence of FV 
d' isease. 

We have examined several thousand mice 
and have only rarely encountered a normal 
animal with a spleen weight of greater than 
0.5 g, and in this respect splenomegaly was a 
reliable indicator of infection. However, it is 
obvious from Table I that a number of animals 
may be infected with FV without splenomeg- 
aly. This was particularly true among animals 
of intermediate susceptibility and in the early 
stages of disease. 

These results appeared to be at variance 
with those reported by Friend concerning the 
limited mouse strain susceptibility. However, 
the inoculum given our mice was 5 times 
greater than she administered. Since this could 
have accounted for infection in the C3H and 
BALB/c mice, quantitative studies were car- 
ried out. From Table I1 it may be seen that 
the animals still fell into 3 well defined groups. 

TABLE 1. Rclative Susceptibility of Various Strains of Mice to Infection with Friend Pirus as Determined 
by Splenomegaly and Microscopic Examination. - 

Results at indicated time after intraperitoneal inoculation. 
Normal 14 days 21 days 28 days 

Strain Spleen 
MTt (avg) Spleen No. Infectednotal Spleen No. Infected/Total Spleen No. Infected/Total 

wt (avg) Spleen Histot wt (avg) Spleen Histot wt (avg) Spleen Histot 
wt* wt* wt* 

A/Crgl 
C57BL/Crgl 
C3H/Crgl 
C3H/Crgl/2 
DBA/2NCrgl 
BALB/cJax 
BALB/c 
Swiss 

. l l  .24 0110 0110 .26 0110 

.08 2 1  0/9 0/9 .23 O / l O  
.71 4/7 ::: ?\TO :\TO .49 419 

* 12 
.12 
-10 .43 2/8 818 1.11 9/9 
.17 .55 4/8 718 1.99 9/9 
.2 1 .64 8/9 1.66 
.22 1.19 iR0 loll0 2.02 ; fO  

O / l O  .28 
0110 .29 

.53 

.49 
4/7 

9/9 2.80 
9/9 2.07 
9/10 1.08 

5/9 919 .95 

O / l O  O / l O  
O / l O  O / l O  

lol l0  lol l0  
919 9/9 

$0 X O  

loll0 9/10 
9/10 loll0 

* Spleens weighing >.5 g were considered infected. 
t Spleens examined histologically and those showing foci of proliferating reticulum cells were considered 

infected. 
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TABLE 11. Multiplication of Friend Virus in Variou3 Strains of Mice as Determined in Swiss Mice. 

Titer of virus from spleens harvested at indicated time after inoculation t 
- 

Strain 14 days 21 days 28 days 

A/Crgl 
C57BL/Crgl 
CSH/Crgl 
C3H/Cr 1/2 D B A / ~ J ? c ~ ~ ~  
BALB/cJax 
BALB/c 
Swiss 

Gross * 
.:: I .o - I .o 
.. 1 1 .o 

1.1 
3.0 
3.5 
3.5 
3.0 

Combined$ Gross* Combined$ 

K-'. 1 .o .< 1 .o 
.. . 1 .0  

1 . 1  
3.8 
4.4 
4.6 
3.6 

1 .o 
. I .o 
2.8 
2.? 
?J .7 
?l.9 
4.4 
1 .o 

<l.O < L O  
<l.O < l . O  

3.1 2.5 
2.8 2.3 
4.4 3.7 
4.3 3.9 
4.8 4.2 
4.6 2.5 

< l . O  < 1.0 
2.8 
2.9 
4.4 
4.5 
4.6 
3.1 

f -Log.~o o f  ID:,, per .5 ni l .  * S deens weighing >.S g were considered infected. 
(:omhind titrr calculatrd f'rotti total of' S~IIV*II .  \tviJiinp >.5 g or showing histologic evidence of disease. 

The virus apparentl! failed to niultipl! i n  the 
A arid C57RL strains. Although the titer was 
less than lo-' an occasional Swiss mouse inoc- 
ulated with spleens from these aninials showed 
evidence of disease. The virus multiplied slo\\ - 
ly and at a low level in the C3H niice. reachiiig 
a peak hy 21 days and maintaining this level 
through the 28th day after infection. The 
DRA/2 and HALB/c mice appeared to I)e 
i-riaxinially and slightly inore susceptihlt. than 
the Swiss mice. The virus titer reached i t5  

peak in the first 2 strains between 2 and 3 
ueeks and was niaintained through the 4th 
week, while in the Sivise mice there appeared 
to be a decline in virus titer between the 3rd 
and 4th week. It is obvious, however, that at 
21 days no significant differences could he 
observed in the susceptihilit! of  these 3 strains 
of mice. The differences hetween the titer of 
virus as determined h y  gross exaniinatiori arid 
that determined after histological examina- 
tion of the spleens weighing less than 0.5 g 
were not of statistical significance. Nonethe- 
less, in the DBA/2. BALR/c and Swiss mice 
the titer was consistently higher after micro- 
scopic examination than when splenomegal!- 
alone was depended upon as an  index of in- 
fection. Animals which were positive only on 
histologic examination were found in all di- 
lutions, indicating that this phenomenon was 
iiot entirely ckpeitdent upon dose of v i rus  o r  
iiicuhation period. Since these titrations werv 
carried out in Swiss mice and there exists an 
inherent resistance in 10 to 20% of these 
mice to overt disease (1,2), these results were 
not unexpected. The inbred C3H mice also 
exhibited a high degree of resistance to overt 

disease. Of the 33 C3H mice of both strains 
which were examined 3 and 4 weeks post 
inoculation, 30% had overt disease while 
64% had histologic evidence of infection. In 
one group of these mice sacrificed 63 days 
after inoculation only 4 out of 10 had spleno- 
niegaly while 9 showed microscopic evidence 
o f  disease. 

Since it was desirable to assay virus in 
tiiice of more uniform susceptibility, BALB/c 
111 ice were investigated further. Two separate 
lots of virus prepared from BALB/c spleens 
after 1 and 2 passes in these animals revealed 
gross titers of 10-3-6 and respectively, as 
assayed in BALB/c mice. Among the animals 
without overt disease in these titrations only 
2 mice were found to be positive microscopic- 
ally, both of them in the dilution of the 
first titration. Futhermore all 60 mice inocu- 
lated with dilutions 10-1 through de- 
veloped clinical infections which is in con- 
trast with the irregular results attained in 
Swiss mice. Additional passage of BALB/c 
adapted virus in BALB/c mice failed to re- 
veal resistant mice when these were inoculated 
with 0.2 ml of 10% mouse spleen suspension. 
At the 13th passage level all of 69 BALB/c 
mice showed overt signs of disease when sac- 
rificed 20 days after inoculation of FV. 

Since Friend had reported BALB and C3H 
itlice to be resistant to infection with this virus 
(1,3), it seemed possible that our strain was 
either a variant or another virus. One of the 
ampules of virus received from Friend was 
diluted to 1 ml with water to make a 10% 
suspension and was inoculated intraperitone- 
ally in 0.2 ml amounts into 5 Swiss mice. The 
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mice were sacrificed 20 days after inoculation 
and only one had splenomegaly. The spleens 
of these mice were made into 10% suspension 
and inoculated in 0.2 ml amounts into 30 
Swiss and 10 BALB/c mice. They were sac- 
rificed 17 days later and 90% of the Swiss 
and 70% of the BALB showed splenomegaly. 
Microscopic examination of the enlarged 
spleens from both Swiss and BALB/c mice 
revealed changes identical to those observed 
by us in Swiss, BALB/c, DBA/2 and C3H 
mice inoculated with virus previously passed 
in our laboratory. 

Virus could not be isolated from the second 
ampule after 2 blind passes in BALB/c and 
Swiss mice. 

Summary. The murine host range of Friend 
leukemia virus has been investigated quanti- 

tatively. Virus failed to multiply in C57BL 
and A strains. About 70% of C3H mice were 
susceptible, but overt disease developed in 
only 39%, the remainder being detectable by 
histologic examination only. Virus multiplied 
more slowly and to a lesser degree in C3H 
mice than in Swiss, DBA/2 and BALB/c, 
which were highly susceptible. Splenomegaly 
was more marked and more regular in 
BALB/c than in any of the other strains in- 
vestigated; 100% of these mice being suscep- 
tible after initial adaptation. 
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A Shortened Dental Caries Assay with the Cotton Rat.* (27082) 

JAMES J. VOGEL AND PAUL H. PHILLIPS 
Department of Biochemistry, University of Wisconsin, Madison 

One of the handicaps of dental caries re- 
search has been the lack of adequate means 
of evaluation of the process. Use of expermen- 
tal animals in which actual initiation and pro- 
gression of carious lesions are studied has been 
most helpful. Shaw et al.(l) devised an assay 
using the cotton rat. This animal has been 
used almost exclusively in this laboratory and 
has provided much data on dental caries in 
relation to the diet. However, for rapid pro- 
gress required in the isolation studies, it was 
tedious and time-consuming. Shaw (2)  has 
emphasized the importance of heredity in den- 
tal caries susceptibility. Constance et al. (3) 
found that withholding the feeding of a cario- 
genic diet until the teeth of the cotton rats 
were more mature, decreased their suscepti- 
bility to the caries process. Taketa et d.(4) 
demonstrated that the influence of the mater- 
nal diet was far less important than that of the 

* Published with approval of the Director of Wis- 

Supported in part by a grant from the Nutrition 
consin Agr. Exp. Station. 

Foundation, New York City. 

diet fed the young cotton rat. With these ob- 
servations at hand, it seemed that the calcifi- 
cation process was the fundamental point in- 
volved, that the early transfer of suckling 
young from mother to a cariogenic diet would 
enable us to reduce the time factor involved 
in the cotton rat assay method, and provide 
information less subject to individual varia- 
tion caused by hereditary or other factors. 

Experimental. Cotton rats, 16-19 days old 
were housed individually in wire mesh cages 
and given feed and distilled water ad libitum. 
The length of the experimental period was 
either 10, 30 days or 12 weeks. For the 10 and 
30 day assay, animals were weighed only at 
the end of the experimental period and for 
the 12 week assay, they were weighed weekly. 
The animals were sacrificed and their teeth 
evaluated for caries according to the method 
of Shaw et d. For the purpose comparing the 
assay period, the 802 cariogenic diet and the 
802 + 25% oat hulls non-cariogenic were used. 

Results. A 10-day assay period was insuffi- 
cient to develop and demonstrate carious le- 




