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Introduction

The relation between rubella virus infection and congenital mal-
formation in man is now well known, infection during the first three
o foor months d pregnancy giving rise to a high proportion o infants
with congenital defects. Damage induced by the virus characteristically
invoves the brain, heart, eyes and ears (11, 6, 20, 24), although other
agas and tissues can be affected. The virus multipliesin both affected
and unaffected areas, and may be recovered fromwidespread sites through-
out the fetus and newborn infant weeks or months after known maternal
infection during early pregnancy (1, 13, 15, 3).

It seemed possible that a study o the behavior of rubella virus in
human diploid cdl strainsin vitro might help in understanding the effect
tf the virus on the developing organs during human infection. Preliminary
¥ork already reported from this laboratory has shown that when human
diploid cell strains are infected and propagated in tissue culture their
Tsponse depends on the organs from which they were derived (2, 17, 9).

e purpose of the present communicationsisto extend these observations,
Pying particular attention to the long-term aspects d rubella virus
Wfeetion,
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Matorials and Methods

Human Fetuses

Two groups o luman fetuses. 8—20 weeks of age, were used for tp,
initiation of diploid cell strains. The first group consisted of normal embyry,,
obtained by hysterotomy and flown from Scandinavia, bathed in physiolc;gic
saline at 0° (. The second group represented spontaneous abortions. obtaineq
from the g-ynecologic service d the Philadelphia General Hospital. Intaet
fetuses o both groups were kept at 0—4° C from the time of abortion untj
used, 12 to 96 hours later.

Human Diploid Cell Strains (HDCS)

Except for WI 38, the HDCS were initiated from surgically and spop.
taneously aborted fetusesby means d an organ culture technique (12) deseribed
in the following communication (8).

The WI 38strain (7) was obtained from Dr. Leonard Hayjflick. This strain,
originally derived from fetal lung. had been reconstituted from a frozen cej)
stoclr and was used only from the 13th passage onwards. Cdll strains initiated
in our own laboratory could be used at lower passage levels.

Established HDCS — both WI 38 and those derived in our own labora-
tory — weregrown in 110 ml "milk dilution' bottles and usnally subcultured at
seven-day intervals. The medium mas removed from confluent monolayers
and the latter overlaid with trypsin solution, pre-warmed to 37° C. After
30 seconds’ agitation, the trypsin mas aspirated and the cultures allowed to
stand at room temperature until the monolayer had detached completely,
The cells were then vigorously pipetted in about 10 ml of growth medium,
and tlieentireyield divided between two bottles, each having the same surface
area as tlie original bottle. Additional mediumn was tlien added to make a
total volume o 25ml and the bottles were incubated at 36—37° (.

Growth and maintenance media. The HDCS growth medinm consisted d
double-strength Eagle's minimum essential mediwun (MEM) in Earle's saline,
10% heated (56° C for 30 minutes) caf serum, and sodium bicarbonate at a
concentration d 0.055%,. Penicillin and streptomycin were also incorporated,
at 100 I.U. and 100 pg/ml, respectively. These antibiotics were substituted
in certain experiments by chlortetracyeline, used at 50 pg/ml. The mainte
nance medium for HDCS was identical in composition to the growth medium
unless otherwise specified.

Green monkey kidney cultures were obtained commercially and main-
tained in a medium consisting of single-strengtll Eagle's MEM in Earle’s
saline, and 29, calf serum (heated). In addition, the bicarbonate concentra-

tion was raised to 0.229.

Trypsin. Trypsin (Difco, 1:250) was prepared as a 0.209, solution in the
double-strength Eagle's MEM — Earle’s saline — bicarbonate medium used
as a basis for the HDCS growth medinm. Antibiotics were also incorporated.

Inoculation of HDCS. Confluent diploid cell cultures. usually at less thas
the 6th passage level, were inoculated with virus in order to establish chroni¢
infections. Two procedures were employed, and gave similar results: (a) addi-
tion of 1ml of virus in fresh medium to eacli culture. and (b) addition of
0.2ml of rirus to drained cultures, followed by adsorption for 1 hour at
36° C. Fresh growth medium was then added to the culture. In both cases
inoculated bottles were incubated for 3— 7 days before being subcultured it
the usual may.

Behaviour o Rubella Virus in Human Diploid Cell Strains. 1. gg5

Viruses
1. Rubella Virus

Four strains of rubella virus mere used in these studies: West Point (19),
R.W. (25), RA-27-3 (18).and a strain — designated 11 600 — irolated in our
own laboratory from the aborted fetns of awoman who had developed rubella.
Pools O the four strains were prepared by growing the viruses in RK13 cells
(14), strain WT 38 cells. BHK 21 cells (23), and primary African green monkey
(Cerco rithecus aethiops) kidney cells, respectively. In each case, the pool
consisted of lightly centrifuged tissue culture flnid, harvested at the peak of
virus production and stored frozen in aliquots at approximately —50° C.

2. ECHO Virus Type 11

ECI10 virus type 11, used for assay o rubella virus by interference. was
the Gregory strain originally obtained from the American Type Culture
Collection. Pools were prepared by growing the virus in African green monkey
kidney cultures and harvesting them when about 759, o the cell sheet was
destroved. Cell debris was separated by light centrifugation. and the superna-
tant +uid diridetl into aliquots and stored frozen at approximately —15° C,

Assay of Rubella Virus

Assays o rubella virus were usually done by an interference technique,
employing ECHO rirus type 11 in primary tube cultures o African green
monkey kiduey (16). Serial tenfold dilutions were prepared in phosphate-
buffered saline (4).and 0.2 ml volumes inoculated into each o four tubes
per dilution. After incubating at 36° Cfor 7 days, the cultures were challenged
with 1.0x 104 (+0.5l0g,) TCID, of ECHO virus type 11. This was done
by replacing tlie maintenance medium in each tuhbe with an equal volume
d fiesh medium containing the requisite dose d ECIO virus. After a further
3 days’ incubation at 36" C, the tubes were examined for the presence of
ECHO virusinduced cytopathic changes: absence of any such changes was
interpreted as being due to inhibition by rubella virus. Titers were calculated
by the method of Reed and Muench (22).

Results
Susceptibility d HDCS to Rubdla Virus

('vll strains derived from 29 fetuses were examined. The following
tissues and organs yielded viable cell strains: skin, lung, pharyngeal
mucosa, pericardium, brain, pituitary, kidney and thymus.

All diploid cell strains examined were susceptible to the three strains
of rubella virus tested (West Point, R.W. and H600), and a chronic
infection could be readily established in them without any special manip-
ulations. Thus, in a series of experiments, fully confluent cultures at
different passage levels were inoculated with virus doses ranging from
2.5 104 to 2.5 % 105 TCIDy,, and the cultures incubated for 3—7 days.
They were then subcultured and the medium saved for assay. Without
exception, the cells became infected and virus could be recovered from
the medium. The titer of supernatant virus did not, however, reach a
maximum unti]l after 2 or 3 cell passages had taken place. Thereafter,
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286 J. M, Hoskins and S A. Plotkin:

virus production was determined by assay o culturefluid at every weekly
passage, and was continuous at a low but approximately constant leve]
for the entire lifespan o the infected cell strain. These findings are

summarized in Table |, which shows that there were no pronounced
differences in virus yield

between any of the cel
strains examined. Some
importance, however. based

Table 1. Yield of Rubella Virus during
Chronic Infection of YDCS

mvos | e, [ iz, [ 4485, uponthevery large munber
of assays, may be attached

Sh* 29 3.24£0.20%* 164 to the slightly elevated
LU 17 g'lfg'% g‘i average yields o lung,
'II:')MYRI 2 3.2.40.64 8 pharyngeal mucosa and
PC 2 3.440.88 34 pericardial cell strains.
PIT 2 3.1+0.64 4 Virus production by skin,
BR 2 ggig'i’; i lung and pharyngeal mu.
K*ID 2 2£0: cosa cells was not affected

SK = skin; LU = lung; PM = pharyngeal by their in vitro age (pas

mucosag PC = pericardium; BR = t_)rain; sage history) at the time

KID = Xidney; PIT = pituitary; ofintection (Table2). The

THTBI = thymus. !

** Log,, TCID,/ml d culture medium. three strains o rubdla
virus used also showed ro

Table 2. Production of Rubella Virus significant differences in
by HDCS Infected at Different in yield when they weretested

vitro Ages in several cell strains de-

” ng
os | BEEE | | dumbr jper T S
SK* (144)** 1 2. 7HHx 9 Absence o Cytopnthic Effect
13 3.0 5 Virusmultiplication took
PM (6212) 4 3.0 12 place in the absence of or-
21 3.2 10 dinary cytopathic effects
LU (6210) 7 3.6 7 in any cell strain, while
18 ] 3.6 5 coverslip cultures treated

with May- Griinwald- Giem-
sa stain also failed to reveal
any differences betweenin
fected and control material

A number of individual chronicaly infected skin, pharyngeal mucosd
and pericardiurn cultures were kept without subculturing in standard
growth medium, which was changed and assayed at weekly intervals. Th®
same |ow-grade virus production found in regularly subcultured cells
persisted in the stationary cell populations for periods o up to sever

* For key to abbreviations, see Table 1.
** Cdl strain designation.
*xk IJOgloTCIDyj/ml d culture medinm.

€
g
1
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months (Table 3). In a number d cases, virus production continued in
the latter cells long after active replication o the cell strain from which
they were derived had ceased. The cells did not appear to be affected by
their role as a virus factory.

Table 3. Indefinite Rubella Production by Individual HDCS

Cultures
Iuterval niter infection Cell strain
(Days) 5602* SK**| 6201 SK { 5311 PC { 1218 PM ! 1220 PM
0— 15 3.9%%+] 2.9 4.0 4.0
16— 30 3.2 3.2 2.7
31— 45 2.2 3.4 2.9
46— 60 2.4 2.2 2.2
81— 75 2.0 | 32 2.7
76— 90 2.3 1.5 2.0 2.4
91—105 2.7 s 2.4 2.2
106 — 120 (9Nt 2.2 2.7 3.0
121135 iy gz
136 — 150 | \ 3.2 3.4
151—165 4.0
166 — 180 3.2 3.2
181—195 3.4 (169)
196 —210 3.2
| J (208)
Tot.t observation period | ’
(Days) 99 | 111 | 120 208 169
Mean titer 2.9% 2.4 } 2.5 3.1 3.5
Number d assays 13 13 \ 14 11 7

* Numbers refer to cell strain designation.
** For key to abbreviations, See Table 1.
¥ Log,,TCIDg/m! o culture medium.
t Figuresin parentheses represent day d Iast assay.

Rubella Virus Growth Curvesin HDCS

Since slight differences in production d rubella virus by HDCS d
different tissue origins were suggested by the chronic infection experi-
ments (e.g., see Table 1), it seemed profitable to examine virus growth
turves in these strains.

Skin and lung cell strains were selected for comparison, since they
Seemed to give the biggest differences in virus yield and could be grown
readily,

It was necessary to establish first the sensitivity o rubella virus
to various procedures attendant upon disrupting infected cells and sub-
®quent storage o the product. The effects d freezing and thawing and
of ultrasonic vibration were investigated.
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292 J. M. Hoskins and S A. Plotkin :

strain. Freezing was done by removing the cells with trypsin, and gy,
pending them in a freezing medium at 1.5X10¢ eells/ml. The freezing
medium consisted o single-strength Eagle's MEM, containing 109,
glycerin and 10% heated (56° C for 30 minutes) caf serum; sodium hi-
carbonate was included at a concentration d 0.0449%,, and penicillin ang
streptomycin at 100 IU/ml and 100 pg/ml respectively. The suspension
was then chilled overnight at 4° C, and the temperature finally lowereq
st about 1° C/minute until it reached approximately —78.5"C, when
the frozen material was stored in a chest o solid carbon dioxide. After

Table 5. ¥reezing and Resuscitation of a Chronically Infecteq
Pharyngeal Mucosa Cell Strain

g

= <
%? B Post. freezing 8z
25 12 generations 2F
= © Pre freezing 11 Wesks SE
% 8 13 generations Cdlsfrozen Averagevirusyield 7
v 5 17 weeks 12 weeks —9g¥ 57
| =
v Y

———ve——

0* 1234567891011 1213 -------- 1234567891011 12 13
»14 15 16 17 18 19 20 21 22 23 24
|
Unfrozen line, 25
continuation i
11 generations az
12 weeks Sz
Averagevirusyiddd T

= 3.5**

* Serial figures represent cell generation number.
** Log,TCIDg/ml of culture medium.

storing in the frozen state for 12 weeks, a 1 ml ampoule of the cells was
thawed rapidly by swirling in a 37°C water bath and diluted to 10ml
with growth medium. The resulting suspension was transferred to a
5em  Petri dish and incubated in a 59, carbon dioxide atmosphere at
36° C for 24 hours, when the growth medium was replaced with fresh
medium. A confluent monolayer was established after a week, when the
cells were subcultured in the usual way. Rubella virus was detected in
the medium after the first post-freezing subcultivation and continued
to be present until active cell growth ceased spontaneously after 12 ge
nerations (11 weeks). These findings are illustrated in Table 5. There was
no significant differencein survival o thefrozen and unfrozen chronically

iehaviour d Rubella Virus in Human Diploid Cdl Strains. I. 293

-infected cells. Moreover, the average virus yield from the post-freezing

el line did not differsignificantly from that produced by the same un-
% frozencells at a comparable passage level.

2

Discussion

Our observationsamply confirm the ability of rubella virusto produce
5 low-grade chronic infection in all human diploid cell strains tested.

Our observations on the growth curve o rubella virus in HDCS
show that approximately one-fourth to one-third of the cells produce
virus at any given time, and that infected cells carry an average d only
one complete virus particle at a time. Since loss o virus due to thermal
inactivation at 37° Cis high (0.3log, per hour), it appears that at peak
production each infected cell must average a completed virus every hour.

Recently, Rawls and Melnick (21) have reported studies of rubella-
carrving fibroblasts cultured from naturally infected fetuses. Their results
are #milar to oursin that their cel strains also produced rubella virus
over long periods o time without evident cytopathie effect. In their
naturaly infected strains, the percentage d cells bearing virus was

dose to 100%.
o= to ° Summary

Observations upon the growth o four strains of rubella virus in human
diploid cell strains (HDCS) are reported. Sixtythree cell strains, derived
from 29 fetuses by means o an organ culture technique, were studied. All
HDS tested were susceptible to rubella virus, and a chronic infection
couid be established readily in them. The virus multiplied and was con-
tinuously produced at a low level for a maximum o 27 weeks while
cdl subcultivation proceeded normally. Stationary cell populations
produced virus for at least 30 weeks. Experiments to define the growth
curves o rubella virus were performed in skin and lung cell strains.
Strains d lung cel origin yielded greater amounts o virus than skin
cdl strains. Both growth curve and chronic infection experiments showed
that a maximum o approximately 30% o the cells were infected at
any given time. Pharyngeal mucosa cells were stored for three months
in the frozen state while chronically infected with rubella. Their life
history and virusyield after resuscitation did not differ from unfrozen cells.
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Introduction

Rubella virus infection of human fibroblast cells in wvitro results in
chronic infection with long term production of virus (6, 10, 11, 18). In-
fected cells appear normal, but on subsequent passage various effects

are noted, which are the subject of the present communication.

Materials and Methods

Most o the methods used in this study have been described in the previous
article (10). We add here only a description o our method fur developing

cell strains from human fetuses.

According to this procedure (13), a stainless steel supporting grid stands
in a 5cm Petri dish containing 10 ml of growth medium. A disc d coarse.
mesh, ""tea-bag'’ paper rests upon the steel grid in such a way that it remains
permanently at the air-culture medium interface. Two to four fragments of
fetal tissue, about 1— 2mm3 in size, are placed upon the paper disc. and the
entire apparatus is incubated at 36° Cin a humid atmosphere d 5°, carbon
dioxide in air. Cels migrate from the tissue fragments and fall through the
mesh onto the floor o the dish where they attach and start to grow.
After 2— 3 weeks, a more-or-less uniform cell monolayer was produced 1B
most cases and consisted completely or mainly o fibroblastic elements,

* This investigation was supported in part by USPHS Research Grant
AI-01799 09 from the National Institute o Allergy and Infectious Diseases

and the Joseph P. Kennedy, Jr., Foundation.

** Holder f USPHS International Postdoctoral Research Fellowship-

Present address. Swiss Serum and Vaccine Institute, Bern, Switzerland.
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7 depending upon the tissue of origin. Occasionally, tissues required 4—6 weeks
#. pefore a confluent monolayer was produced. In all cultures, the growth medium

was replaced with 10ml of fresh medium at meekly intervals to maintain
the nutritional factors and to offset evaporation.

Confluent monolayers were trypsinized as described below, and the entire
cell population transferred in 10 ml of growth medium to a fresh 5cm
petri dish. This transfer is arbitrarily defined as cdl passage number 1.
After 3— 4 days' incubation at 36° C, a confluent monolayer was usualy
obtained. This was trypsinized and the cells transferred completely to a
single 120 ml "milk dilution” bottle, representing odl passage number 2.
Thereafter, passages mere usually made at weekly intervals, the contents of
a single 120 ml bottle being divided between two fresh bottles, giving a1:2
increase ratio. Since virtually no increase in human diploid cell populations
occurs once a given cell monolayer becomes confluent (9), each passage made
after the first bottle stage — i.e., passage number 2 — isreached represents
an addition-of exactly one generation to the cell strain. The life-span d a cell
strain from passage 2 onwards may thus be measured accurately in terms
of cell generations, thereby enabling valid comparisons o individual cell
strain life-spans to be made. The method does not of course alow similar
accuracy beforethe passage 2 stage is reached.

The particular advantage d this technique for the present studies is that
it enables cultures to be established from exceedingly small amounts d tissue,
an obvious advantage when working with organs derived from imniature
fetuses. One should also note an inherent disadvantage o the procedure;
namely, that it is highly selective, yielding, after a maximum d one or two
passages, a cell population consisting only o fibroblastic elements. None-
theless, it will be apparent that fibroblasts derived from different tissues may
beliave differently in a reproducible fashion.

Results
Growth d Human Diploid Cdl Strains (HDCS)

Cell strains derived from 29 fetuses were examined. Twentyone of
these originated from surgical abortions, while 7 came from spontaneously
aborted fetuses. One cell strain was of uncertain origin. At the start o
these studies, most importance was attached to HDCS derived from the
surzically aborted fetuses since these could be presumed to be normal. I n
fact, no differences in any o the parameters studied could be found
between the two groups o fetuses, and no distinction will henceforth
be made between them.

We arbitrarily selected for study only those cell strains which gave
a good initial culture and appeared to be growing well at the second
Passage. The following tissues and organs yielded viable cell strains:
skin, lung, pharyngeal mucosa, pericardium, brain, pituitary, kidney
an:! thymus. Themean survival times of thesestrains aregivenin Table 1,
which shows that considerable differences were found between strains
obtained from different tissues and organs. | n general, cell strains derived
from skin, lung and pharyngeal rnucosa grew readily and possessed life
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208 J. M, Hoskins and S A. Plotkin:

spans up t0 @ maximum o 45 generations. On the other hand, straing
originating from pericardium, brain, kidney, pituitary and thymus grey:
much less readily; not only were fewer strains able to be initiated, by
those that were initiated had a shorter life-span. Considerable variatio,
in life-span was found among the cell strains derived from any givey
organ.
Long-term Effect  Rubella Virusupon HDCS

Although chronically infected cell strains showed no obvious differenceg
at first from uninfected control cultures, differences did become apparent
in certain strains with the passage o time. This was manifcsted as a

selective inhibition of mitosis, so that active multiplication of infected
cell strains ceased before that of the controls. No cytopathic effect

Table 1

Life-span of Uninfeeted Human Diploid Cell Strains (HDCS$)

HDCJ Number of strai nsl Mean survival time (generations)
Skin (SK) 29 17 (6—36)*
Lung (LU) 17 21 (10—31)
Pharyngeal mucosa (PM) 5 33 (11—45)
Pericardium (PC) 2 16 (15—16)
Brain (BR) 2 11 (10—12)
Kidney (KID) 2 10 (10—10)
Pituitary (PIT) 2 6 (6— 6)
Thymus (THYM) 4 6 (4— 7)

* Figures in parentheses give minimum and maximum observed survival
times.

accompanied this mitotic inhibition, and the infected cells appeared
indistinguishable from their uninfected counterparts. On the basisd this
criterion, human diploid cell strains can be classified into three groups,
illustrated schematically in Table 2.

The first group (A) is made up d those cdl strains whose life-span,
while chronically infected with rubella, did not differ from that of un-
infected control cdls. Included in this group are strains derived from
thymus, pericardium, brain, kidney and pituitary.

The second group (B) consists o cell strains whose growth was in-
hibited by rubella virus to a moderate degree; it includes pharyngeal
mucosa and skin strains, which, when infected, had life-spans about
60 to 70% those d controls. Pharyngeal mucosa cell strains were uni-
formly inhibited by the virus, although the effect was not always obvious
until several months after infection. The results with skin strains were
equivocal. Slightly less than half (41%) o 29 strains examined were
clearly inhibited by rubella, although, like strainsderived from pharyngeall

ﬁ
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MuCoSd; the inhibition occasionally became apparent only after severa

¥ weeks or months of infection. The remaining fraction d skin cdl strains

(39%) showed no inhibition of mitosis.

The third group (C) in the classification consists only o lung cell
strains, which were all regularly inhibited by rubella virus to a marked
degree: namely, to between 25%, and 50% of control values. However,

thep ernof responsewith lung cells, apparently uniquely, was dependent
gpon € iN vitro age of the strains at the time o infection. Thus, older

Jung strains, infected after 14 or more passages in culture, were inhibited

Table 2. Survival Time of HDCS. Following Infeection with
Rubella Virus

Orean from which ] Mean survival time (generations)

Group strain derived Number of strains -

Contro) l Infected
THYM* 4 3 (2— 3)** 3 (2— 3)
rC 2 11 (11—11) 11 (10—12)
A BR 2 7 (4— 9) 6 (4~ 7)
KID 2 4 (4— 4) 4 (3— 4)
rI1r 2 2 (2— 2) 3 (2— 3)
B PM 5 30 (6—41) 19 (5—27)
SK 29 %x* 14 (3—35) 10 (3—20)
¢ LUt Inf. <11 10 17 (9—-28) 8 (4—20)
Inf.>13 7 6 (4— 9) 1.6 (0— 3)

* 4 key to abbreviations, see Table 1.
** Figures in parentheses represent minimum and maximum observed sur-
vival times.
*** Inhibition shown by 12/29 (= 41%) strains.
Inhibition not shown by 17/29 (= 59%) strains.
t Lung strains are grouped according to whether they were infected at
less than the 11th or greater than the 13th in vitro passages.

fivt .mes more rapidly than those infected at an early inwitro age. No
simiiar correlation was found with strains derived from other tissues
and organs. Fig. 1 shows the response d 17 individual lung strains to
rubella infection. When cultures were infected at less than the 11th in
vitro passage they had a mean survival time d 8 cell generations, while
eultures infected at greater than the 13th passage had a mean survival
time f only 1.6 cell generations.

The relation between % oitro age and accelerated reaction time follow-
Ing  fection is indicated clearly by the data relating to four specified
lun: cdl strains, shown in Table 3. An extended amount o data was
available for the W1 38 cell strain, also d human fetal lung origin. These
data were collected from eight separate experiments, done over a period
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This appearance of pericardial cells remained unchanged during thej,
entire life-span, extending up to a maximuin o 16 generations. Howeve,
when these strains were chronically infected with either the West Poin{
or H600 strains d rubella virus there was a marked decrease in cyt,.
plasmic granularity about 4-G generations after infection, which waq
correlated with a decrease in enzyme activity as judged by specifi,
staining. After a further 4—5 passages, observable granule disap.
peared altogether in unstained living cells, while stained cells revealeq
a small amount o acid phosphatase activity. These findings are showp
diagrammatically in Table 6. Cultures stained for acid phosphatase arc
shown in Fig. 2. There was no correlation between the observed pheno.
menon and virus production by the cells, which continued unrestricted
for their entire life-span.

Absence of Neoplastic Changes

At no time was there any evidence dof cell transformation during
chronic infection of human diploid cells with rubella virus, although
the association between actively dividing cells and virus extended up
to a maximum o 27 generations (27 weeks). We also exainined two
pharyngeal mucosa cell strains, infected 21 and 23 generations earlier,
respectively, with the West Point rubella strain, for their ability to
produce neoplastic lesions when inoculated into the checli pouch d
6 —12-week-old hamsters. Up to 2.9x 108 cells, in the logarithmic phasc
of growth, were inoculated into groups o animals. Nodules developed
in all animals, and were grossly indistinguishable from those in controls
inoculated with uninfected cells. All nodules regressed completely within
10— 14 days. Histologic examination of the lesions revealed no eridencc
o neoplasia.

Discussion

In human cells infected with rubella virus no cytopathic effect was
observed at any time, but there was inhibition d cell growth. Inhibition
occurred at any time from a few days to several months after infection
had been initiated, depending upon the kind o cell stmin. HDCS could
therefore be grouped according to whether they responded quickly, slowly,
or not at all. I n the present study, many cell strains were examined over
extended periods, and it appears that certain o the conclusions reported
earlier (6, 18) should be modified. Thus, strains derived from pharyngeal
mucosa and skin, which were thought to remain unaffected by rubella
virus, did tend to be inhibited before the homologous, uninfected controls.
The inhibition was not observed, however, until after the cells had been
passaged for several weeks, or even months, and it is thus possible that
all diploid cell strains might show inhibition if they could be grown for

H
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5 sufficiently long period. It may therefore be pertinent that the kinds
of HDCS which were not inhibited (Group A o the classification) were
those Strains which had a shorter average life-span than those included
iju Groups B and C. Thus, the view held earlier that strains o 1IDCS
give an all-or-nonc response to rubella infection with respect to inhibition
of 1 tosis appears not to be completely true. Rather, the action d the
vire is graded, with cell strains from different tissues having different
average responses.

Strains o lung origin were most sensitive to inhibition by rubella
virus (6,11, 18), responding in general mnore quickly than others. However,
no absolute distinction could be made between HDCS o lung and other
tissue origins, since there was considerable overlapping in the time o
response. One d our most interesting observations was that the response
of I g cel strains was strictly related to the in vitro age of the strain
at + . time o infection. Thus, cellsinfected at greater than the 13th in
vitro passage responded 5 times more rapidly than those infected at
less than the 11th passage. It is possible that the accelerated response
of older lung cell strains may reflect an incapacity d the mitotic mecha-
nism of older cells to tolerate virus infection. It is known, for example,
that |ate passage WI 38 strain lung cells react more readily to SV, virus
than cells o younger in vitro age (14). In the latter case, however, the
cdl- react by becoming transformed, and the mechanisin of response
m: be different.

Our observations on chronically infected pericardial cell strains are
of interest, since they indicate a relationship between rubella infection
and acid phosphatase activity. | n pericardial cells chronic rubellainfection
caused the gradual lysis of lysosomal particles, and loss or redistribution
of acid phosphatase. The amount and distribution o acid phosphatase,
together with that of other lysosomal enzymes, is known to be altered
in variety d cytopathologic conditions, including infection by some
vi: ses (1,2, 4, 16). The significance of the rubella-pericardial cell system
is uncertain, however, since in the examples just referred to a cytopathic
effect follows infection. Although rubella virus can induce a cytopathic
effectin a number o cells o human and non-human origin, e.g., human
amnion (20), RK13 (17), RK1 (12), BHK-21 (19), continuous lines o
African green monkey kidney cells (8) and rabbit cornea cells (15), it
does not do so in HDCS. We are at present carrying out quantitative
stu ljes in order to establish the mechanism o the changes detectable
h  >chemically.

In earlier communications (5,18), it was observed that 43% o mitoses
examined in skin and pharyngeal mucosa cell strains had achromatic
gaps and breaks. Recently, in association with the present study, an
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examination of more than 1,100 cells obtained from four kinds of HDCS
(skin, lung, pharyngeal mucosa and pericardium) derived from 3 fetUSe;
was performed (7). As before, virus infection was associated with mino'
chromosomal lesions in chronically infected strains. However, althouo}:
in every instance the lesions were more frequent than in control ce]Ts
in three cases the difference was not significant when tested at the 950/
level of probability. In only one of the four strains (derived from phf/lo
ryngeal mucosa) was chromosomal damage in the infected cell line Sigm'fi:
cantly raised above the control level. When the data for all the cell
strains examined were combined, the virus effect upon the chromosomeg
was still statistically significant. .

These results are quite consistent, both qualitatively and quantita.
tively, with our findings relating to HDCS derived from human fetuses
aborted after maternal rubella infection (7). However, in both groups
individual cell strains were found whijch responded more dramuticall\j
than usual to rubella infection. ’

Although rubella virus was able to remain in a state of active associa-
tion with HDCS for long periods — up to 27 weeks in actively dividing
cells, and at least 30 weeks in stationary cell populations — 1o evidenc:
of cell transformation was found. At all times, the chronicallv infected
cells were morphologically indistinguishable from the controls, There
was also no evidence of neoplastic change when cells which had been
infected up to 23 generations earlier were inoculated into the cheel pouch
of hamsters.

Summary

Bubella virus infection of human diploid cells did not result in an
ordinary cytopathic effect, but several kinds of human diploid cell
strains (HDCS) responded to infection by ceasing to multiply. Inhibition
occurred quickly (most lung strains), or after many weeks (skin and
pharyngeal mucosa strains). HDCS could be classified according to their
response. The response of lung cell strains was strictly related to the in vitro
age of the strains at the time of infection. Older strains stopped multiplying
several times more quickly than younger ones. The relationship was not
found for HDCS of other organ and tissue origins. Pericardial cell strains
possessed large amounts of acid phosphatase-containing granules in a small
proportion of the cells. During chronic rubella infection, histochemical
activity of the enzyme decreased. The chromosomes of chronically in-
fected skin, lung, pharyngeal mucosa and pericardial strains, infected
up to 17 cell generations earlier, showed a mild but definite jncrease
in achromatic gaps and breaks. No evidence of cell transformation or
induction of neoplastic changes was found in HDCS which had been
actively dividing for up to 27 weeks while infected with rubella.
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Introduction

I n cultures o chicken chorioallantoic tissue the susceptible entodermal
and to a lesser extent the ectodermal cells are known to contain all the
materials essential for the formation o new influenza virus. The only
required component besides a balanced saline medium is glucose, needed
to maintain cellular respiration. Nevertheless, labeled compounds in
such a medium may be taken up and incorporated in developing virus.
A method has been described for the isolation of labeled virus with high
purity (1). This report presents the results of measuring the relative
contributions of thirty 1%-labeled compounds to Leeinfluenzavirusrepli-
cating in tissue culture. The viruswasisolated by the purification method
previously outlined.

Materials and Methods

Tissue culture and virus purification methods. The tissue culture method
and virus inocula used are described separately (1). In each experiment,
a labeled compound was present in the medium at a concentration o 8 mM
unless otherwise indicated, and unlabeled glucose was also present at a con-
centration d 4 mM. A group of 10 culture tubes was prepared for each test,
yielding about 25 ml o culture fluid for virus purification and 20 fragments
of chorioallantoic tissue. For each compound 2 identical experiments compar-
atively measured incorporation of C into noninfected and infected tissues.
The procedures were similar to those used for virus incorporation studies
except that lesslabel was used. Radioactivity in media for these experiments

* Supported by Research Grant E-2156 from the National Institute o
Allergy and Infectious Diseases.



