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month observation period, suggest to us the 
likely possibility of depletion of “stem” cells 
in mice deprived of thymic tissue. The func- 
tional integrity of the thymus may indeed be 
necessary for permanent reconstitution. 
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. Parkman, Buescher and Artenstein ( 1 ) and 
Weller and Neva(2) first described the iso- 
lation of rubella virus in cell culture systems. 
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Cytopathic changes were, however, not ob- 
served in primary cultures of African green 
monkey kidney cells employed by the former 
who demonstrated multiplication of the agent 
by its capacity to interfere with ECHO 11 
virus. Although Weller and Neva( 2 )  showed 
that rubella virus is cytopathic for human 
amnion cells in primary cultures, the changes 
are slow to appear and only a few cells are 
visibly affected at a given time. With a line 
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of rabbit kidney cells McCarthy et aZ(3) 
were largely able to overcome these disad- 
vantages since in this system the virus con- 
sistently induces extensive and readily ob- 
servable cell damage. Nevertheless, for cer- 
tain purposes it would be desirable to propa- 
gate this agent in primate cells susceptible 
also to a large number of other agents patho- 
genic for man provided the cytopathic effects 
of rubella virus were readily apparent. A 
continuous line of African green monkey kid- 
ney cells developed in this laboratory appears 
to fulfill this requirement as shown by results 
of experiments to be described in which the 
growth and cytopathogenicity of 3 freshly 
isolated strains and a stock strain of rubella 
virus were studied in this line of cells and, 
for comparison, in cultures of primary human 
amnion and African green monkey kidney as 
well as in another line of African green mon- 
key kidney cells. 

Materials and procedures. Cell cultures. 
The following were employed: (a)  primary 
cultures of African green monkey cells 
(PGMK) purchased from Microbiological 
Associates, Bethesda, Md. ; (b) primary cul- 
tures of human amnion cells (PHA) prepared 
as previously described(4) ; (c) line GMK, 
BSC-1 of African green monkey cells(5) pur- 
chased in its 39th passage from Microbiologi- 
cal Associates; (d)  a line of African green 
monkey cells established in this laboratory in 
1962 and here designated as line GMK, 
AH-1. Cells of line GMK, AH-1 have been 
found capable of supporting growth of sev- 
eral agents pathogenic for primates, i.e., 
poliovirus, Type I, SV40, measles virus, ade- 
novirus 12. All these agents induced typical 
cytopathic changes followed by cell destruc- 
tion and exhibited infectivity titers compa- 
rable to those obtained in primary cultures 
of monkey or human renal and amnion cells. 
The GMK, AH-1 line was developed by Ann 
Holloway of the Research Division of Infec- 
tious Diseases. 

Media. PGMK and PHA cultures were 
grown in bovine amniotic fluid medium. 
Eagle’s medium( 7 )  containing 10% inacti- 
vated fetal calf serum and modified as fol- 
lows was employed for the growth and main- 
tenance of monkey kidney lines: increase of 

arginine from 105 to 122.4 mg/l; of inositol 
from 2 to 4 mgJl; and of NaHC03 from 
2000 to 2200 mg/l; addition of biotin 1 
mg/l; substitution of NaH2PQ4 HzO 140 
mg/l for NaH2P04*2H20 and of MgS04* 
7H20 100 mg/l for MgC12 6H20. For main- 
tenance after inoculation of virus bovine 
amniotic fluid medium was used in cultures 
of PGMK and PHA and modified Eagle’s 
medium containing 2 % inactivated fetal calf 
serum in cultures of green monkey kidney 
lines. Final concentration of dextrose in 
Eagle’s medium was increased to 0.15-0.20%. 
With this increase in sugar, cell viability and 
morphology were well preserved for 2-3 weeks 
without change of medium. Use of unmodi- 
fied Eagle’s medium or medium 199 with 2% 
inactivated fetal calf serum has also been 
found satisfactory. With medium 199 + 2% 
FCS virus yields of one log higher titer are 
obtained as compared to those with modified 
Eagle’s medium. 

Isolation of rubella virus. Throat washings 
were collected in Hanks’ balanced salt solu- 
tion from 3 patients seen on the first day of 
rash, An aliquot of 0.15-0.2 ml of washing 
was added one hour after collection to each 
of 4 or 5 cell cultures. Multiplication of vi- 
rus was demonstrated in PHA, PGMK, 
BSC-1 cells by the interference technique 
and in GMK, AH-1 cells by interference and 
cytopathogenic effect (CPE) . In testing for 
interference, 10010 TCD,50 ECHO 11 virus 
was used in cultures of monkey cells and 500 
TCDjo Sindbis virus (strain AR339) in cul- 
tures of PHA. These agents were inoculated 
one week after addition of rubella virus or 
of throat washings to be tested for its pres- 
ence. 

Stock virus. For purposes of comparison 
and control, a representative strain of rubella 
virus, the Bell strain, in its 60th passage in 
PHA was employed. This virus was gener- 
ously supplied by Dr. F. A. Neva of Harvard 
Public Health School ( 2 ) . 

Sera. Specimens of sera were obtained from 
patients with typical rubella during the early 
acute phase and again at  intervals ranging 
from 3 to 18 weeks afterwards. Acute and 
convalescent phase sera from 2 cases were 
provided by Dr. F. A. Neva. These sera were 
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known to have shown a more thaa 4-fold in- 
crease in rubella antibody titers as tested in 
PHA cultures (Dr. Neva, personal communi- 
cation). 

Neutralization tests. Sera were inactivated 
at  56°C for 30 minutes and diluted by 2-fold 
decrements in 0.85% sodium chloride solu- 
tion. The virus suspension was diluted in 
maintenance medium to contain 300 TCD50/ 
0.1 ml and mixed with equal volumes of each 
serum dilution. One-tenth ml of p l e d  nor- 
mal rabbit serum (PNRS), employed soon 
after collection or after storage at -70°C 
was added to each mixture to enhance the 
neutralizing effect of anti-rubella virus anti- 
body(2,3). Mixtures were kept at 4OC for 30 
minutes, then at 37°C for 1 hour in an incu- 
bator. During this time the tubes were fre- 
quently shaken. To each of 3 GMK, AH-1 
cultures 0.1 ml of each mixture was added. 
Cultures were examined for cytopathic effect 
and final readings recorded on the 12th day. 
Medium was not changed during this period. 

Results. Isolation of virus in cultures of 
G M K ,  A H - 1  cells. Throat washings from 2 
patients (Levine and McCombs) were added 
to cultures of GMK, AH-1 cells. CPE was 
observed after 15 days and gradually in- 
creased thereafter. During 3 subsequent pas- 
sages cytopathic changes first occurred after 
about the same interval (13-15 days). In  the 
5th passage CPE appeared on the 7th day. 
By the 12-15th day most of the cells were 
visibly affected or had been destroyed. 

The Levine strain and another strain, Sha- 
piro, were also isolated in PHA cultures from 
the same stocks of throat washings using the 
interference method. Strain McCombs was 
independently isolated by this technique in 
PGMK cultures. When the agents so isolated 
were added to GMK, AH-1 cultures, CPE 
was first noted after about 15 days. After 
3-4 passages in these cells, however, CPE 
was seen on about the 7th day in each case. 
The same decrease in “incubation” period 
occurred with the stock Bell strain when pas- 
saged in this cell line in which i t  induced the 
same kind of cytopathic changes. 

Cytopathic changes induced in GMK, AH-1  
cells. Cellular injury was first manifested by 
rounding of cells and the appearance of scat- 

tered masses of refractile material composed 
of fragments varying in size and presumably 
consisting of cellular ditbris. At about the 
same time or a little later groups of cells 
originally epithelioid in appearance became 
elongated or stellate presenting the aspect of 
fibroblasts. Subsequently these cells disinte- 
grated or detached from the glass. In cul- 
tures infected with virus that had received 5 
or more passages in this system, 80% of the 
cell population was destroyed by the 15th 
day when nearly all the remaining cells ex- 
hibited the spindle-like or stellate form (cf. . 
Fig. 1 a, b, c, d). 

At appropriate times, infected cultures 
were fixed? embedded in collodion and 
stained with hematoxylin and eosin(8). All 
the changes just described were apparent and 
in addition intracytoplasmic eosinophilic in- 
clusion bodies, varying in size and shape and 
surrounded by a clear halo, were seen in large 
numbers. Since similar inclusions were in- 
frequently encountered in examination of un- 
infected control cells, their significance in the 
infected cultures is unclear. However, the 
very striking difference in their numbers sug- 
gests that if not specifically related to the 
virus, their formation is stimulated by its 
presence. Nuclear changes resembling tholse 
described by Weller and Neva(2) were not 
observed (cf. Fig. 2, a, b). 

Optimal conditions for demonstratiort of 
CPE. It was determined by varying the 
amount of calf serum in the medium that 
concentrations exceeding 5 % markedly sup- 
pressed CPE. A concentration of 2 %  was 
found most satisfactory and has been adopted 
as routine. Frequent renewal of maintenance 
medium tended to repress CPE. At present, 
therefore, medium is not changed after virus 
is added either in infectivity or neutralization 
tests. 

ViraZ multiplication. The virus multiplied 
actively in GMK, AH-1 cells as shown, by 
results of infectivity titrations of fluids from 
cultures at successive passage levels. For this 
purpose cell cultures were employed to which 
were added 0.1 ml aliquots of dilutions of in- 
fected fluid increasing by a factor of 10. 
Maintenance medium was used as diluent. 
Titers based upon readings of CPE taken on 



88 CYTOPATHIC EFFECT OF RUBELLA VIRUS 

the 12th day were calculated by the method were recorded. Repetitions of several of these 
of Reed and Muench(9). With McCombs titrations employing fluid from cultures rep- 
and Shapiro strains titers of 106-106.'7/ml resenting several different passage levels 

FIG. 1. Cytopathic effects of rubella virus (McCombs strain, 13th passage, inoculum = 100 
TCDw) in cultures of GMK, AH-1 cells. Unstained. Mag. X 175. (a) Control: uninoculated; (b) 
8 days after inoculation; (c) 12 days after :inoculation; (d) 21 days after inoculation. 

FIG. 2 .  Cytop thk  effeclts of rubella virus (McCombs strain, 131th pxmge, inoculum = 100 
TCDm) in cultures of GMK, AH-1 cells. Stained with H and E. Mag. X 245. (a) Uninoculated 
control; (b)  12 days after inoculation. 
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TABLE I. 

Antibo%dy 
Patient Serum titer" 

McCoabs Acute 

Bleeabis Acute 

Shddioin Acute 

Ohauny t Acute 

Lieberman t Acute 

Conv 

Oonv 

Conv 

Oonv 

oonv 

1/8 
1/128 
1/2 
1/10,28 
1/2 
1/64 
1/2 
1/128 
1/4 
1/128 

* Expressed as final serum dilution endpoint. 
t Sera provided by Dr. F. A. Neva. 

yielded almost identical results. 
Growth of rubella virus in other cell cul- 

ture systems. Rubella virus has been isolated 
and passed several times in PGMK, PHA 
and BSC-1 cultures without obvious CPE. 
Use of modified Eagle's medium with 2% 
fetal calf serum in the primary cell cultures 
instead of the usual growth medium failed to 
demonstrate cell injury. The presence of vi- 
rus was detected either by the interference 
technique or subinoculation to GMK, AH-1 
cultures. Rubella virus grown in GMK, AH-1 
cells was shown to multiply in all the other 
systems but produced CPE in none. 

Results of neutralization tests. That this 
line of monkey cells provided a convenient 
means of performing serum neutralization 
tests based on endpoint readings of CPE is 
shown by resuIts summarized in Table I. In 
these experiments the McCombs virus was 
employed and the final readings were made 
on the 12th day, i.e., the 4th day after the 
first appearance of CPE. 

Some properties of rubella virus propa- 
gated in G M K ,  AH-I  ceZls. Strain McCombs 
from the 8th passage in GMK, AH-1 cells 
was used in experiments to determine its re- 
sistance to ether, its capacity to hemaggluti- 
nate erythrocytes of several s p i e s ,  to induce 
hemadsorption and to pass filters of graded 
pore size. 

To a suspension of virus in maintenance 
medium (infectivity titer 104.5TCD50/ml) an 
equal volume of ethyl ether was added and 
thetmixture allowed to stand for 24 hours at 
4OC. After removal of ether by evaporation 

~ 

aliquots of the undiluted and diluted fluid 
were tested for infectivity in cultures of 
GMK, AH-1. None was detected. 

In the hemagglutination tests 0.5% sus- 
pensions in physiological salt solution of 
fowl, rabbit, guinea pig, sheep, rhesus and 
African green monkey, rat, mouse and bovine 
red blood cells were used. Equal volumes of 
the cell suspension and of fluid from GMK, 
AH-1 cells infected with the virus (infectivity 
titer 1W5TCD50/ml) were mixed. The mix- 
tures were allowed to stand at 4OC and at 
37°C respectively. Readings were made after 
1 hour and 24 hours. No hemagglutination 
was noted in any instance. In  attempts to 
demonstrate hemadsorption erythrocytes of 
the species mentioned above wqre added to 
GMK, AH-1 cultures infectqd 15 days previ- 
ously with the McCombs strain. After stand- 
ing for 1 hour at 4OC thLe cultures were 
wqhed with Hanks' solution and were exam- 
ined. No hemadsorption was seen. 

In filtration experiments Millipore@ filters 
(obtained from Millipore Filter Corp., Bed- 
ford, Mass.) were used. Infected tissue cul- 
ture fluids containing 1W2TCD5o/ml Mc- 
Combs virus were passed through filters of 
2 2 0  mp, 100 mp, and 50 m p  pore size. In  
each case, 5 ml of virus suspension was used. 
Infective virus was demonstrated only in the 
200 mp filtrate. 

The various characteristics of the Mc- 
Combs strain of virus thus determined are 
consistent with those described by others for 

Comment. Since the foregoing experiments 
were performed, we have continued to em- 
ploy the GMK, AH-1 line in studies of ru- 
bella virus, in which it has proven to be a 
reliable and convenient tool. From the bio- 
logical viewpoint its susceptibility to the cy- 
topathic effect of the virus, as contrasted 
with the resistance of primary cultures of 
African green monkey kidney cells as well as, 
those of the BSC-1 line, presents an interest- 
ing subject for further investigation. 

Summary. Recently isolated strains of ru- 
bella virus as well as a stock strain reg~darly 
induce characteristic, easily recognized, cyto- 
pathic changes when %adapted to a line of 
African green monkey cells established in 

rubella virus ( 1,2). 1 1  
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The administration of p-aminopropionitrile 
(BAPN), a potent lathyrogen, has been 
shown to increase the soluble collagen frac- 
tions obtainable from chick embryos( 1), from 
mammalian skin (2 ,3 )  and from sponge biop- 
sy connective tissue from rats (4). Since a sol- 
uble component of elastin has been reported 
by Adair et aZ( 5 ) ,  it seemed of interest to de- 
termine whether its level also can be affected 
by BAPN, especially since lathyrogens are 
known to damage the medial elastic fibers in 
aortae of growing animals( 6-8). Because we 
have never been able to find any elastin in 
sponge implant tissue from rats and because 
the cheek pouch of the hamster has such 
great extensibility and apparent elasticity, 
we have studied the effect of BAPN on the 
growing hamster, especially its effect on col- 
lagen and elastin fractions of the pouch. 

Materials and methods. Male, Golden Syri- 
an hamsters, 18-28 days of age, were fed 
finely milled Rockland Rat Stock Diet con- 
taining varying amounts of added BAPN fu- 
marate. Unsupplemented Stock Diet was 

libitum. The animals were sacrificed after 
varying periods and their mandibles and fe- 
murs were examined for gross skeletal lesions. 
The aorta and one cheek pouch from each 
animal were dissected out for microscopic 
examination, fixed in neutral formalin, em- 
bedded in paraffin, sectioned and stained with 
Hornowski's combined elastic and Van Gie- 
son stains. The second cheek pouch was re- 
moved and frozen until chemical fraction- 
ation could be undertaken (1 to 8 days).t 

Soluble and insoluble collagen fractions 
from cheek pouches were obtained by modifi- 
cations of methods used by Levene and Gross 
( l ) ,  Jackson(9) and Dasler et aZ(4). The 
elastin-like fractions were obtained by an 
adaptation of the procedure of Adair et a2 
(5) .  All fractions were evaporated to dryness 
a t  105°C in an air jet, were hydrolyzed in 
sealed tubes with 6 N HCl at  104OC for 20 
hours, and were neutralized with 2.5 N 
NaOH. After filtration and dilution, they 
were analyzed for hydroxyproline by the 
method of Neuman and Logan ( 10). The hy- 

given control groups. All diets were fed ad 
t Pouches frozen longer than 8 days were not used. 

*This investigation was supported by USPHS We have found that rat sponge biopsy tissue yielded 
consistent soluble collagen values when the sponges 
were frozen up to  8 days. 
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