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while if thc increase occurs in the nutrient 
membrane doubt is cast on the assumption 
that C1- and HC03- moves across the nu- 
triemt membrane as free ions because im- 
probably high emf’s would be demanded (5).  
Further work needs to be done More  an anal- 
ysis of the implications of this finding for the 
mechanisms of ion transport would be profit- 
able. 

Conclusion. The addition of Ba++ to the 
fluid bathing the nutrient side of the frog 
gastric m u c m  resulted in a marked increase 
in resistance and relatively little change in the 
H+ rate and the PD. Addition af Ba++ in 
comparable and higher concentrations to Ithe 
secretory fluid had no effect. 
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Serologic Screening of Khesus and Grivet Monkeys for sv40 
and the Foamy Viruses (32662) 

GERALD E. STILES (In,t.mduced by Herald R. Cox) 
Virus Vaccine Testing Department, Lederle Laboratories, Pearl River, New York 

The spontaneous appearance of virus cy- 
topathic effect (CPE) in many cultures has 
been a critical problem in the use of monkey 
kidney cell cultures for virus vaccine produc- 
tion or research purposes. Although a number 
of viruses have been isolated and identified, 
their detection in monkey kidney cell cult= 
from this laboratory has been limited mainly 
to two virus CPE groups ( 1 ) .  Group one in- 
cludes the syncytial CPE, induced primarily 
by measles virus; SV, (parainfluenza 5 as i t  
is now classified) ; and the foamy viruses. The 
vacuolating CPE comprises the second group 
of which SV40 is the causative agent. In order 
of frequency of occurrence, the foamy viruses 
and SV40 comprise the bulk of viruses isolated 
from monkey kidney cell cultures. 

The serological studies of Ruckle ( 2 )  and 
the fluorescent antibody studlies of Carski ( 3 )  
indicate a direct correlation between the ab- 
sence of antibody to foamy virus in monkeys 
and the absence of this virus in their kidney 
cell cultures. With these critenia, by use of 
serological techniques it should be m b l e  
to select monkeys free of foamy viruses for 
tissue culture production. 

This paper describes in detail the develop- 
ment and routine application, over an ex- 
tended period, of a complement fixstion-anti- 
body s c r m i n ! g  test, which has been used for 
the rapid and effective selection of monkeys 
for production of tissue cultures free of h e  
foamy and SV4, viruses. 

Materials and Methods. Monkeys. Both 
rhesus, Maccaca muZatta, and grivet, Cerco- 
pithecus aethiops, monkeys, which are used 
for pliovirus vaccine production, were tested 
in this study. These monkeys were trap@ 
and housed by a procedure described by 
Vickers (4), and shipped to this laboratory. 
U p  arrival, the monkeys were isolated in 
singlecage units d test-bled, and sera were 
taken for testing. At  the end of a &week 
quarantine period, selected monkeys were 
bled again and killed, and their kidneys were 
removed aseptically for tissue culture prepa- 
ration. 

Tissue cultures. Kidney cell cultures derived 
from both r k u s  (RMK) and grivet =keys 
(GMK), and from rabbits (RbK), were pre- 
pared by the method o’f Youngner ( 5 ) .  The 
growth d i a  cowisted of lactalbumin hy- 
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drolyzate (O.SC/ci) in Earle's balanced salt 
solution with the addition of sodium bicar- 
bonate (0.1 19 ) , 100 pg/ml each of strepto- 
mycin and neomycin, and 274 calf serum for 
the monkey tissue and 1074 for the rabbit 
cell cultures. The maintenance media con- 
sisted of the same basic medium except that 
the sodium bicarbonate level was increased to 
0.167; ; the calf serum was omitjted from the 
media for the monkey kidney cultures and 
reduced to 5% for the rabbit kidney cultures 
( RbK). 

Virus isolation. The RRIK and GMK cell 
cultures were tested for adventitious v i w  
according to Public Health Service require- 
ments ( 6 ) ,  as illustrated by Bittle et al. (1). 
The procedures for isolation and identification 
of the foamy viruses have been previously re- 
ported ( 7 ) .  

Complement fixation (CF) antigens. The 
foamy virus (FV) CF anltigens were prepared 
by seeding a concentrated RbK cell sus- 
pension with the virus and adsorbing art 37°C 
for 1 hour. The virus-cell mixture u7as then 
diluted to a cell concentration of 200,000 
viable cells/ml and a final concentration of 
100-5000 TCD;,(, of virus/ml. Each Blake 
bottle was then seeded with 50 d of the 
diluited virus-cell suspension and incubated at 
3 7 " C. hfonolayers developed quickly ; a CPE 
could be demonstrated within 5 drays and 
complete cell-sheet destruction by 10 days. 
The fluids and cells were then harvested after 
two freezethaw cycles in dry ice and alcohol, 
and the harvest was clarified by centrifugation 
at 2 0 0 0  rpm for 1 5  minutes. The antigens 
were then dispensed in ampules and stored at 
-60°C. Fluids and cells from nolrmal (RbK) 
control bottles were also processd as d+ 
scribed, and were used as normal tissue-con- 
trol antigens. All antigens were pretested by 
CF checkerboard titrations against positive 
and negative reference sera for potency, 
specificity, and anticomplementary activity. 

The SVd0 CF antigen was prepared by 
seeding established monolayers of LLCMKZ 
cell line in Blzke bottles with 5 ml of the 
virus (%bout lo8 TCDso/ml). The cultures 
were incubated at  37"C, and the fluids and 
cells were harvested, processed, and tested as 
previously described, when at  least 75% of 
the cell sheet was destroyed. Nomd control 

tissue antigens were also prepared. The 
LLCMK2 cell line was employed for produc- 
tion of SV40 CF antigen, instead of primary 
GMK cultures, because higher CF potency 
2nd specificity were obtained. 

Complement fixation test. The micro LBs0 
CF method (8) was used primarily in this 
study. Test Sera collected from each monkey 
before and after the 6-week holding period 
were heat-inactivated in a 60°C water bath 
for 30 minutes. Antibody was t i t ra td  by 
using constant quantities of antigen, comple 
ment, and doubling dilutions of serum. Ap 
propriate controls, including negative and 
p i t i v e  reference sera to each antigen and 
normal tissue antigens, were incorporated in 
each test. For routine screening of a large 
number of monkeys, only 1:4 and 1:8 di- 
lutions of sera were tested. Test sera were 
considered antibody-negative only when no 
specific CF reactions were obtained in either 
test dilution. 

Results. Development o j  the CF screening 
test. Tables I and I1 summarize the bases 
for the selection and use of the foamy and 
SV40 viral antigens for the CF screening of 
both rhesus and grivet monkeys. Thirty-seven 
per cent of the rhesus monkey sera, when 
tested with a Type I foamy virus originally 
isolated from RMK tissue culture, were found 
to be antibody-pmitive. The same sera, when 
tested with semtypes I1 and I11 foamy viruses 
isolated from spontaneously degenerating 
GhlK cultures, were relatively nonreactive, 
even though fmmy virus was detected in the 
kidney cell cultures from 4570 of these rhesus 
monkeys. With grivet monkeys, the sera from 
51 and 38% of the monkeys, respectively, 
were found to be antibody-positive when 
tested with types I1 and I11 foamy virus anti- 
gens. The same monkeys, when tested with 
type I antigen, were found to contain only 
8 % antibody-positive monkeys, although 
foamy virus was detected in the kidney cell 
cultures from 36% of these grrivet monkeys. 
The serological results from this study would 
tend to support the observation previously 
reported (7) that, from a substantial number 
of monkeys tested, only type I of the three 
foamy virus serotypes was isolated from 
rhesus monkeys, and both types 11 and I11 
from grivet monkeys. The use of an SV,, anti- 
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T A B L E  I. Incidence of C F  AiLtibody to Foiiniy Virus in Scw"  of Rliesus aaid Grivct Monkeys, 
and  of C P E  in Cult,ures of Their Kidi!ey Tissue. 

SCWL with nlitibotly to: 
Cultures 

Monkey species Number Type I Type T I  Type I11 with C P E  

Rhesus 65 24 1 0 29 
100% 3770 2% -- 45 70 

Grivet 65 5 33 25 23 
100% 8% 51$6 38% 3670 

a Oonsidered poeitive when C F  dilutioiis of 1 : 4  or greater was 2 2+.  

body-screening test appears to be applicable 
in testing only rhcsus monkeys, since no anti- 
body was detected in the grivet monkeys. This 
observation was not surprising since no de- 
finite indication of natural SVqo infection in 
grivet monkeys has been observed. 

T A B L E  11. Iiwidence of C F  Antibody to SV, in 
Seraa of Rhesus and Grivct Monkeys and of Re- 
covery of Virus from Cultures of Their Kidney 

Ti mu c. 

Monkey Total no. Sera with Cultures 
species nionkeys antibody to SV, with SV,, 

Rhesus 100 16 14 
Grivet 10.0 0 0 

(I Considered positive when C F  dilutions of 1:4  
or greater was 2 2+. 

An attempt was made to compare the CF 
properties of the three faamy virus serotypes 
by hyperimmunization of rabbits and guinea 
pigs, and crowchecking the sera by CF with 
the three antigens. No results could be ob- 
tained due to poor antibody response and non- 
specific reactions. Indirect evidence, however, 
based on the serological testing of a large 
number of both r k u s  and grivet monkeys, 
indicates the existence of at  least two CF anti- 
genic groups, with type I foamy virus com- 

prising one group and types I1 and 111, the 
other. Therefore, Ft was found necessary t~ 
screen rhasus &monkeys only with SV4, and 
type I foamy virus antigens, and grivet 
monkeys with either the types I1 or I11 foamy 
viruses. Solely on the basis of CF ant ip ic i ty  
and ease in handling, the type I1 antigen was 
selected for routine CF antibody screening. 

Application and eficiency of the CF screen- 
ing test. Approximately 3000 rhesus and 2 5 0 0  
grivet monkeys have been tested for CF an- 
tibody. Table I11 ,shows the number of rhesus 
mnkeys tested over a 4-year period, and the 
incidence of fmmy I and SVlo antibodies; 
Table IV, the number of gnivet monkeys tested 
T A B L E  IV. Complement Fixation Results for 
Foamy Virus I1 Antibodies i n  Grivet Monkeys. 

Foamy virus I1 
~ 

Year No. tested No. pmitive 7% P k t i v e  

1963 1967 94 1 47.9 
1964 3667 2450 66.8 
19G5 11079 685 63.5 

during a 3-year period, and the incidence of 
foamy type I1 antibody. The serologic results 
from monkeys bled and tested b e f m  the 6- 
week holding period indicate a high prevalence 
of antibody to their respective test antigens, 

T A B L E  111. Complement Fixation Results for  Foamy I and S V, Antibodies in  Rhesus Monkeys. 

Foamy I SV, 

Year No. tested No. posit.ive yo Positive No. tested No. positive % Poeitive 

1962 60 1 389 64.7 77 ' 16 20.7 
1963 391 171 43.7 398 57 14.3 
1964 956 327 34.2 908 104 11.5 
1965 1131 669 59.2 1173 209 17.8 
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TAl: L11; V. Efficiciicy of Coiiil)leuicliit Fixiitioii 
(Vl’’) Antibody Test in the Detecthn of SV,, and 

Fonmy-Virus-Free Monkejs. 

Percentage 
Monkey CE’ antigtii No. moiikeys screened 

type soro type tested correctly 

RI i esu s SV40 407 80.5 
Rlicsus F V  I 508 97.8 
Grivet F V  I1  9 i 2  86.5 

TABLE VI. Incidence of CF Antibody to Foamy 
Viruses I ,  11, ,and SV,, in Seraa of Vervet Monkeys. 

No. iiionkeys with antibody to 

Nunibcr tested Foaniy I Foamy I1 SV, 

50 0 28 0 
~ ~ 

Cbiisiclered positive when C P  at dilutions of 1 :d 
or grcster was 2 2+. 

and closely coincide with the frequency of 
virus detection in the kidney cell cultures. No 
definite indication of any seasonal variation 
could be determined from this study. 

Data obtained over a 2-year period with 
both rhesus and grivet monkeys indicate that 
the CF test was 80-9870 effective in selecting 
monkeys free of SV4,, and the foamy viruses 
(Table V) . These results were based on mon- 
keys that were antibody-negative on at least 
two bleedings spaced approximately 6 weeks 
apart, and on the absence of any detectable 
virus in their kidr.ey cell cultures. However, 
efficiency of the screening test in detecting 
SVd0 and foamy virus-contaminated kidneys 
has been found to be much lower. Approxi- 
mately 45% of the GMK or RMK kidney 
cell cultures obtained from either foamy or 
SV40 antibdy-positive monkeys were free of 
these viruses. This low correlation with the 

foamy viruses, as an example, is attributed to 
the fact that the virus is not yet detectable in 
the kidneys, although the monkey is most 
likely infected. If the presence of antibody is 
compared with recovery of virus from throat 
swabs, the correlation is much better (9). 

A study was performed to determine if the 
incidence of foamy and SV40 CF antibody in 
the South African vervet monkey, Cercopi- 
thecus pygerythus centralis, paralleled the 
results obtained with grivet or rhesus mon- 
keys. The results summarized in Table VI in- 
dicate that the antibody spectrum is almost 
identical with that of the ,+vet monkeys. No 
antibody to SVl0 or type I foamy virus, but a 
&gh incidence of antibody to type I1 foamy 
virus, was detected. 

The relationship between the size (weight) 
of a monkey and the presence of foamy CF 
antibody was investigated. The results sum- 
marized in Table VII show that, with grivet 
monkeys, the incidence of foamy virus anti- 
body is lower in monkeys weighi9g 4 p u n &  
or less, or weighing over 8 pounds. Therefore, 
cell cultures prepared from monkeys in these 
two weight ranges should stand a better 
chance of being free of foamy virus contami- 
nation. Our experience supp0lrt.s this observa- 
tion. 

Discussion. Since its inception, the use of 
monkey kidney tissue culture has been 
plagued by the spontaneous appearance of a 
number of simian viruses. The presence of 
these viruses has rendered the tissue in many 
instances unusable for virus vaccine p d u c -  
tion or research purposes. The problem has 
been further aggravated by the fact t h t ,  
although every precaution was taken in the 
selection, transportation, and maintenance of 
these monkeys, virus infection was still mi- 
dent. There was no procedure by which one 

TABTJE VII. Rclatioiiship Between Size (Weight) of Grivet Monkeys and Presence of Foamy 
I1 CF Antibodies. 

KO. and percatage of f oarny CF-positive monkeys 
~~ ~ 

No. Over 
tested < 3  pounds 3 4  pounds 4-5 pounds 5-6 pounds 6-7 pounds 7-8 pounds 8 pounds 

216 0/43“ 5/85 14/34 7/13 9/19 7/16 1/6 
0% 6% 41 70 54 yo 47570 44% I870 

a Number positive over nuntber tested. 
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could determine if these latent viruses were in 
the kidneys prior to preparation of cell cul- 
tures. To obtain an adequate supply of virus- 
free cell cultures, it was therefore necessary 
to harvest the kidneys from mme than twice 
the required number of monkeys. 

The results of this study show that a large 
proportion of apparently normal, healthy 
monkeys are infected with either SV40 or the 
foamy viruses. Serologic and virus-isolatioa 
studies have shown that Indian rhesus mon- 
keys are heavily infected with a foamy virus 
and that this virus is exclusively the serotype 
I, or the SA 1 virus as denoted by Malherbe 
and Harwin ( 10). The incidence of SVlo in 
rhesus monkeys has been found to be con- 
siderably lower than that of the foamy viruses. 
Even though the incidence of foamy viruses is 
similar in both grivet and rhesus monkeys, 
the grivet has been used for virus vaccine 
production because of its freedom from the 
oncogenic SV40 virus. Serologic and virus- 
isolation studies have shown that East African 
Grivet monkeys are relatively free of foamy 
virus type I and SVJo, but are heavily infected 
with foamy virus serotypes I1 and 111. 

Allthough a number of other viruses, mainly 
measles and SV5, have been detected in these 
monkeys and in their kidnley cell cultures, the 
frequency of detection has been reduced by 
proper housing, maintenance of isolation, and 
establishment of a 6-week-quaranltine holding 
period on all newly acquired monkeys. Specifi- 
cally with monkey measles, where infection is 
acquired from man, a lengthy quarantine 
period prior to kidney harvest has reduced 
the prevalence of this virus in the kidney cul- 
tures (1 l ) .  The incidence of SV5 virus in the 
kidney cell cultures of both rhesus and grivet 
monkeys has been relatively low ( 1).  Whether 
the monkeys were naturally free of infection 
or the quarantine period reduced the pre- 
valence of this virus remains to be determined. 
With SV4(, and the foamy viruses, a quarantine 
period does not appear to be effective. Long- 
term persistence of SVJ0 antibody has been re- 
ported by Ashkenazi and Melnick ( 12), and 
our studies indicate that the same is true with 
the foamy viruses. Monkeys that were anti- 
body-pmi tive and were shedding the virus 
have been held in isolation for as long as 6 
months, with no loss in antibody and with 

recovery of the virus from throat swabs and 
kidneys. 

The utilization of a complement fixation- 
antibody screening test has been found ef- 
fective for the detection of monkeys free of 
SC40 and the foamy virus%. This procedure 
eliminates virus cmkrs ,  and results in a 
significant reduction in the occurrence of these 
viruses in the kidney cell cdtures. The resullts 
of this study indicate that the screening test 
is effective only when the appropriate viral 
anltigens are used; b t  is, sv40 and foamy 
virus type I are used to screen rhesus man- 
keys, and either foamy virus types I1 or I11 
folr testing grivet and porjsibly vervet mom 
keys. The test was most effective if at leasit 
two bleedings were tested; the first bleeding 
was taken when the monkey is first obtained, 
and the second, just before kidney harvest. 
If both bleedings are antibody-negative, the 
test is 80-95% effective in providing cell cul- 
tures free of these viruses. 

I t  has been found that the kidney cell cul- 
tures from approximately 50% of the sv40 

and foamy virus CF-positive monkeys are 
free of these viruses. The screening test in 
this aspect would appear somewhat wasteful 
in discarding clean monkeys. However, from 
an economic standpoint, it has been found 
advantapus to semlogically prescren the 
monkeys prior to purchase, and select for 
tissue cultulre production only those monkeys 
that are antibody-negative. As long as the 
supply of serologically negative monkeys is 
available, we are able to regularly obtain a 
high percentage of monkeys free of theye vi- 
ruses for the production of kidney cell cul- 
tures. 

Suinnzary. Progress toward the elimination 
of SV4,, and the foamy viruses from primary 
cell cultures of monkey kidney has been 
achieved by a complement fixation-antibody 
screening test. Data obtained over a 2-year 
period with 3 large number of rhesus and 
grivet monkeys indicate that the test was 
85-98 % effective in seleoting monkey5 free of 
foamy virus contamination, and approxi- 
mately 80% effective in selecting rhesus mm- 
keys free of SV4,. Valid results with the 
foamy virus CF tests were obtained mly when 
rhesus monkeys were screened with a semtype 
I foamy virus antigen, and grivet monkeys 
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with serotype I1 or I11 foamy vi(rus mtigm. 
Analysis of serologic and virus-isolation data 
obtained over a 4-year period revealed that 
approximately 50% of the rhesus monkey 
sera tested were CF-positive for type I foamy 
virus and 16y were positive for SV40. With 
pivet  monkeys, approximately 6076 were CF- 
positive for type I1 foamy virus, md none 
were positive for SV40. 
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Mrs. Felicia Milano, and Mr. R. E. P i t t ;  and for 
the editorial &tame of Mrs. Doro4hy Budd and 
Dr. G. R. Sharpless. 

1. Bittle, J .  L., Avampato, J., Amundsen, S. M., 
and Vickers, J .  H., J. Infect. Diseases 116, 215 
(1966). 

2. Ruckle, G., Arch. Ges. Yirusforsch. 8, 139 
(1958). 

3 .  Carski, T. R., J. Immunol. 84, 426 (1960). 
4. Vickers, J. H., Am. J. Diseases Child. 103, 512 

(1962). 
5. Youngner, J .  S., Proc. S o c .  Exptl. Biol. Med. 

85, 202 (19.54). 
6. “Public Hedth  Service ReguliaJtions,” 1964 rev., 

Biological Prolduats, Title 42, Part  73.110. U.S. Dept. 
Hedth, Education and  U’elfare, Washington, D.C. 

7. Stiles, G. E., Bittle, J.  L., and Cabasso, V. J., 
Nature 201, 1350 (1964). 

8. “Standardized Diagnostic Complemen4 Fixation 
Method and Adaption to Micro Test,” PHS Publi- 
cation No. 1228 U S .  Public Health Service (lW.5). 

9 .  Unpublished data. 
10. Malherbe, H. and Harwin, R., Brit. J. E m l .  

Pathol. 38, 539 (1957). 
11. Hsiung, G. D., and Atoynatan, T., Am. J. 

Epidemiol. 83, 38 (1966). 
12. Ashkenazi, A., and Mehick, J .  L., Proc. SOC. 

Exptl. Biol. Med. 111, 367 (1962). 

Received August 30, 1967. P.S.E.B.M., 1%8, Vol. 127. 

Efficacy of Interferon in the Treatment of Mice with 
Established Friend Virus Leukemia* (32663) 

E. FREDERICK WHEELOCK AND R.  P. BRYCE LARKE 
Departments of Preventive Medicine and Medicine, Western Reserve University School of Medicine 

and the University Hospitals, Cleveland, Ohio 

On the basis of the possible virus etiology 
of human leukemia, treatment of this disease 
might logically be considered in terms of virus 
inhibition, perhaps by employing the princi- 
ples of viral interference. Such an approach 
was attempted in an earlier study ( 1 )  in 
which the sequential inoculations of six virus 
types into a patient with acute myelogenous 
leukemia were followed by transient clinical 
and hematologid remissions. Since the mech- 
anism involved in the production of these 
remissions could not be determined with cer- 
tainty, a murine system was developed in 
which the effects of nontumor viruses on virus- 
induced leukemia could t>e more readily in- 
vestigated. 

* This invesltigaition was supported by PHS grants 
CA08709-01 and C.431.815-01 awarded by the Na- 
tional Cancer Institute, National Institutes of Health, 
Bethesda, Maryland. 

In earlier studies (2 ,3 )  it had been found 
that Sendai virus (parainfluenza 1 )  inoc- 
ulated into mice prior to Friend leukemia 
virus could markedly inhibit the replication of 
and the splenomegalic response to Friend 
virus and prolong the life of leukemic mice. 
Since human leukemia, be it of virus etiology 
or otherwise, presents as an established dis- 
ease, it was of interest to study the effects of 
Sendai virus in mice with established Friend 
virus leukemia. 

The present communication describes ex- 
periments in which the life of mice with es- 
tablished Frienld virus leukemia was prolonged 
following inoculation of Sendai virus. As 
evidence suggesting that interferon is ithe 
mechanism involved in this prolongation of 
life, it will be shown that the repeated ad- 
ministration of interferon or an injection d 
Statolon (an inlterferon-inducing substance 


