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Presented here is a clarifying sum-
marization of the many studies
upon which any forthcoming ad-
vances in measles prophylaxis swill
be based.

¥ Study of the etiologic agent of
measles began with Home at the end
- of the 18th century and has been con-
tinued intermittently until the present.
Among the more significant contribu-
tions to this subject in modern times
was the demonstration by Goldberger
and Anderson?! in 1911 that macaque
monkeys are susceptible to infection.
This observation was later confirmed
and extended by Blake and Trask,?
among others. During the course of
these earlier studies evidence for the
filterable nature of the agent was
obtained.

Using the monkey to test for the
presence of virus, Plotz 3 in the 1930’s
reported its successful cultivation in cul-
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tures of chick embryonic tissues. In
1939-1940 Rake and Shaffer 5 de-
scribed the serial propagation of the
agent in chick embryos and in 1941 with
Jones ¢ confirmed Plotz’s observations.
In the same year Shaffer and his asso-
ciates 7 also noted that during the course
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of passages in the chick embryo the viru-
lence of the virus for man was reduced
and they attempted to determine whether
this attenuated virus might be employed
as a vaccine. The results were incon-
clusive and since that time we have seen
no account of further trials with such
materials, although it is our understand-
ing that similar experiments are now in
progress within the Soviet Union.™
©Other workers in the past,® including one
of us, were not able to induce measles in
the monkey with regularity and also
failed to obtain convincing evidence that
the virus multiplied in living chick em-
bryos or in chick embryonic tissues
cultivated in vitro.

Such experimental discrepancies as
well as the failure to make more rapid
progress toward the precise definition
of the nature and properties of the
measles agent were largely attributable
to the lack of a convenient and inexpen-
sive technic whereby viral multiplication
could be unequivocally determined. Fol-
lowing the demonstration of the growth
and cytopathogenic effect of poliomyeli-
tis virus in cultures of extraneural
human tissues it seemed likely that ap-
plication of the same method might
prove effective in the case of measles
virus.

1solation of Measles Virus in Tissue
Culture

Accordingly, Enders and Peebles ? in
1954 undertook experiments in which
cultures of human postnatal tissues in
roller tube cultures were exposed to
whole blood and throat washings ob-
tained from a patient with measles dur-
ing the first 24 hours of the exanthem.
After an interval of from four to 10
days abnormal changes were observed
of a character that we shall presently
describe and which were shown to be in-
duced by a virus. Comparable materials
from seven other typical cases of measles
subsequently tested in cultures of human
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renal or monkey (rhesus) renal cells
have yielded agents exhibiting the same
cytopathogenic properties. In three of
these cases virus was demonstrated in
both blood and throat washings; in two
the blood was positive and washings
were negative. In each of the two re-
maining cases in which only blood or
throat washings was tested virus was
also found. In addition, an agent was
recovered in tissue culture from the
lung of a patient dying during the acute
stage of measles that was indistinguish-
able from the others. It is to be em-
phasized that these nine viruses were
isolated from cases occurring in differ-
ent geographic areas at two different
times, i.e., in the spring of 1954 and
1955. The association with measles of
viruses conforming in their characteris-
tics with those we have isolated has been
subsequently reported by Cohen and his
co-workers 1 and by Ruckle.!!

Cytopathogenic Properties of the Virus

Upon isolation and during serial pas-
sages in cultures of human renal cells
our nine strains of virus have induced
the formation of syncytia or multinu-

Figure 1—Syncytium or Maultinuclear
Giant Cell in Culture of Postnatal
Human Renal Cells; 16 Days After
Addition of 23rd Renal Cell Passage
of Edmonston Strain of Measles Virus.
H and E Stain x 430



clear giant cells within the sheet of
normal epithelial elements such as those
shown in Figure 1. Gradually all or
nearly all the cells become involved in
the process and eventually are destroyed.
Several days after the syncytia are ap-
parent, eosinophilic inclusion bodies ap-
pear in most of the nuclei and irregular
masses of eosinophilic material accumu-
late in the cytoplasm. Examination of
many preparations has convinced us that
both these abnormalities are the result
of viral multiplication.

When virus that has been propagated
in renal cells is introduced into cultures
of certain other cells essentially the same
cytopathogenic effects are observed at
least during a limited number of pas-
sages. In Figure 2 are shown the
changes that occurred 16 days after
inoculation into human amnion of the
so-called Edmonston strain of virus. The
agent had been previously passed 23
times in cultures of human renal cells.
Following the addition of this strain to
cultures of the KB line of human car-
cinoma cells (developed by Eagle)
Dekking and McCarthy 2 in our labora-
tory observed the formation of multi-
nuclear giant cells. Black and his
co-workers ¥ have described similar
changes in cultures of the Hep-2 line of
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Figure 2—Formation of Synecytia in Cul-
ture of Human Amnion Cells Inocu-
lated 16 Days Earlier with Edmonston
Strain, from 24th Human Renal Cell
Passage. Note Normal Appearance of
Surrounding Epithelial Cells. H and
E x 160
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human carcinoma cells. McCarthy 1*
and Rustigian ® independently have
noted the same effect in cultures of HeLa
carcinoma cells. In unpublished experi-
ments we have demonsirated the growth
of virus in the Detroit 6 line of cells that
Berman and Stulberg derived from
human bone marrow, but we have not
noted the formation of syncytia, al-
though in stained preparations intra-
nuclear inclusion bodies were conspicu-
ous in individual cells. We have also
seen cells of abnormal appearance in
cultures consisting predominantly of
human embryonic fibroblasts that were
accompanied by multiplication of the
virus within the system. So far we have
observed no cytopathogenic effects in
cultures of bovine amnmion cells, chick
amnion, or chorioallantoic tissues, or in
chick embryonic tissues to which the
virus was added.

Lately we have found that after pro-
longed cultivatien, in vitro, the cyto-
pathogenic properties of the virus may
become altered. Thus the Edmonston
strain after 23 passages in human renal
cells has been continuously propagated
in human amnion cells. During the 14th
amnion cell passage, in addition to the
presence of multinuclear giant cells, in-
creasing numbers of refractile, fusiform,
or stellate cells were noted that some-
what resembled fibroblasts. Their ap-
pearance in the 19th passage is shown
in Figure 3 along with typical giant cells.
In successive passages these forms
tended to predominate or, indeed, in
certain cultures came to represent the
only manifestation of viral multiplica-
tion. In stained preparations intra-
nuclear inclusions were often found in
these affected cells. This newly recog-
nized cytopathogenic effect is of much
interest from the general biological
standpoint: it also led us to attempt
again the cultivation of the virus in
chick embryos. Later we shall sum-
marize the results of these experiments.
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Figure 3—Cytopathogenic Effects in Hu-
man Amnion Cells of Edmonston Strain
After 23 Passages in Human Renal
Cells and 19 Passages in Human
Amnion Cells. Note Numerous Fusi-
form Cells Together with Syncytia.
Hand E x 150

Serological Reactions

Tests for Virus-Neutralizing Anti-
bodies—Tests of the capacity of acute
and convalescent phase sera from 12
measles patients to prevent the cyto-
pathogenic effects of the virus have been
carried out using 100 IDj of virus and
dilutions of serum increasing by a factor
of two. The results have clearly shown
that antibodies develop during the course
of the disease that prevent the occur-
rence of both types of cytopathic change
in cultures of human renal and amnion
cells.’® 1% Thus in the acute phase sera
of six of these 12 patients no neutraliz-
ing effect was found in the lowest dilu-
tions of serum tested, i.e., 1:2-1:8. The
mean of the convalescent phase serum
titers was 1:260 with a range from 1:160
to 1:512. The antibody emerges soon
after the exanthem is declared and may
attain a moderate or high level within
the following seven to 10 days or even
earlier as appeared to be the case in the
remaining six cases that were studied.
Investigation of the persistence of the
neutralizing antibody over prolonged
periods has not been undertaken, but it
can be stated that in a few cases the high
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concentrations developed early in con-
valescence are maintained for at least
two to four months. :
Tests for Complement-Fixing Anti-
bodies—More extensive data on the
formation of antibody during the disease
have been obtained by means of the
complement-fixation test, since this pro-
cedure can be carried out with greater
convenience and rapidity. As antigen
we have used the fluid removed from
cultures of human renal or amnion cells
two or three weeks after infection with-
the virus. By means of the drop technic
of Fulton and Dumbell 25 pairs of acute
and convalescent-phase serum from pa-
tients with measles have been tested.18: 17
In all cases development of antibedy or
an increase in its initial concentration
was demonstrated. The mean increase
for these 25 cases was at least 30-fold.
In seven instances the first specimen of
serum was either taken several days
after the onset when an elevated titer
was recorded or the end point of the
convalescent-phase specimen was not
obtained. Excluding these, the mean
acute phase serum titer of the remaining
18 cases was less than 1:4 (range:
<1:2 to 1:8). In contrast the mean
convalescent phase serum titer was
1:160 with a range from 1:32 to 1:512.
These results, similar to those of: the
neutralization tests, not only afford
strong evidence for the etiologic role of
the virus in measles, but also suggest
that the complement-fixation test should
provide a practical diagnostic procedure.
Further evidence for the relationship
of the virus to measles was obtained by
comparing the results of complement-
fixation tests on the sera of persons with
either a positive or negative history of
the disease.)” In this study most of the
subjects were children under the age of
10 years. The results are summarized
in Table 1. Tt is clear that in a group
of 54 persons giving a positive history
the proportion with titers exceeding 1:8
is about six times greater than among



Table 1—Correlation of History of
Measles with Results of Comple-
ment-Fixation Tests

History Positive History Negative
CF Per CF Per
Titer * No. cent Titer No. cent
<4 8 15 <4 12 48
4-8 6 10 4-8 10 40
>8 40 75 >8 3 12

* Reciprocal of initial dilution of serum giving fixa-
tion in presence of two units each of antigen and
complement.

the group of 25 with negative history.
Although the numbers in the groups are
not equal, this difference is clearly sig-
nificant. The relatively large proportion
of sera giving positive tests in dilutions
four to eight from the group with nega-
tive history suggests that in this range
nonspecific reactions may often occur.

Pathogenicity of Virus for Monkeys

The results of experiments in suscepti-
ble cynomologus monkeys have indicated
that two of the strains of virus tested
after cultivation, in vitro, are capable of
producing a mild disease comparable in
most respects to measles in man.% 18
The criteria for determining the sus-
ceptibility of monkeys will be subse-
quently discussed. When animals were
inoculated by both the intravenous and
intranasal routes with virus of the first,
second, and 23rd tissue culture passages
several phenomena were noted. Viremia
was established beginning on the fourth
or fifth day and continuing thereafter
for two to five days. An exanthem ap-
peared soon after the beginning of the

viremic phase which extended over the:

thorax and abdomen and was especially
prominent in the axillary and inguinal
regions. Slight to moderate leucopemia
developed that was maximal on the ninth
day. Shortly after the period of exan-
them, i.e., about two weeks after inocula-
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tion of the virus, specific complement-
fixing antibodies appeared in the blood
and soon attained maximal concentra-
tions. These high levels were maintained
for several weeks when they usually be-
gan to diminish. Antibodies, however,
were detectable in significant amounts
at least eight months after inoculation
of the virus. Not all these phenomena
were apparent in other animals that were
inoculated at the same time with por-
tions of the same preparation of virus.
In one monkey no exanthem was seen,
although viremia and antibody response
were comparable to those of animals
exhibiting a rash; another responded
only by the development of a slight
leucopemia and the production of anti-
body. It is evident, then, that suscepti-
ble monkeys may vary considerably in
their reaction to infection with this
agent.

We have emphasized the fact that only
susceptible animals may be expected to
react in these varieus ways because early
in our work 7 we found that a majority
of normal rhesus and cynomologus
monkeys that had been held fer some
time in three laboratories in this coun-
try possessed complement-fixing anti-
bodies for the measles agent. In these
tests the sera of 16 rhesus and eight
cynomologus monkeys were examined.
Antibody was found in 14 of the rhesus
sera and in all the cynomologus sera.
Neutralizing antibody was also detected
in the few specimens that were tested.
Ruckle ! has lately reported similar
findings and in addition has iso-
lated an agent from monkey kidney
tissue that so far is indistinguishable
from human measles virus. The prob-
lem, however, of the origin of the agent
responsible for the presence of these
antibodies in apparently normal mon-
keys has not yet been solved. We are
inclined to believe, for reasons that have
been discussed elsewhere at length,'8 that
it is probably identical with human
measles virus and is derived either di-
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rectly or indirectly from cases of the
disease in man. The most cogent evi-
dence in favor of this view lies in the
fact .that no complement-fixing anti-
bodies capable of reacting with the
Edmonston strain of virus were found
in the sera of 31 cynomologus monkeys
bled soon after their capture in the for-
ests of Malaya and the Philippines.
However this may be, it is obvious that
the presence of antibodies reacting with
measles virus in laboratory monkeys
probably accounts for the discrepant re-
sults obtained by past workers in at-
tempts to reproduce the disease in these
animals.

Multiplication of the Virus in Chick
Embryos

We referred at the beginning to the
uncertainty that has continued respecting
the capacity of measles virus to multiply
in the developing chick embryo. Ac-
cordingly, after the means of isolating
the agent and assaying its infectivity
in tissue culture had been established,
we proceeded to determine whether cer-
tain of our nine strains could be propa-
gated in this host. Five of these strains
maintained in renal cells since their iso-
lation have been tested. The various
routes of inoculation included the amni-
otic and yolk sacs and the chorioallan-
toic membrane. An incubation period
of from four to six days was adopted
following the procedure of Rake and
Shaffer.® In our experiments two or
three egg passages were made in the
case of each strain and tests for the
presence of virus in embryonic materials
were carried out in cultures of human
renal cells. In no instance was evidence
of viral multiplication obtained.

Subsequently, when the variation in
cytopathogenic properties of the Edmon-
ston strain occurred, the possibility
arose that this change might be accom-
panied by an alteration in the capacity
of the virus to multiply in the chick

embryo. A series of egg passages was
therefore initiated. The inoculum con-
sisted of virus from the 28th passage in
human amnion cell and was introduced
into the amniotic sac of the chick em-
bryo. This route was selected with the
thought that virus adapted to growth in
human amnion cells might more readily
proliferate in the analogous cells of the
developing chick. After inoculation the
embryos were incubated for nine days
at 35° C—a longer period than previ-
ously allowed. The inoculum used as
routine in subsequent egg passages con-
sisted of amniotic fluid. In collateral
passage lines suspensions of amniotic
and chorioallantoic membranes mixed
with the corresponding fluid were also
employed. In each passage after the
first the concentration of virus in various
embryonic constituents was determined
by titration in cultures of human amnion
cells. The agent has now been main-
tained throughout seven serial passages.
It continues to induce the formation of
fusiform and stellate cells when trans-
ferred to cultures of human amnion cells
(see Figures 4 and 5). In each of
the last four passages multiplication was
demonstrated by the titrational data. For
example, the mean number of 50 per
cent tissue culture infecting doses intro-

from Third Chick Embryo Passage in
Human Amnion Cells, 14 Days After

Inoculation of Virus. H and E x 180.
Note Fusiform Cells and Syncytium



Figure 5—Cells from Same Culture
Shown in Figure 4 x 750. Note Inclu-
sion Bodies in Fusiform Cells

duced in the amniotic fluid employed as
inoculum was 16, whereas on the aver-
age about 2,000 TC IDj per 0.1 ml were
found in the amniotic membrane at the
time of harvest. The identity of the
agent recovered from the fourth egg
passage was confirmed in neutralization
tests using human and monkey acute
and convalescent phase sera as well as
in complement-fixation tests in which
the antigen consisted of fluid from in-
fected human amnion cell cultures inocu-
lated with the egg-passaged virus. A
complete account of these experiments
is in preparation.1®

When it was found that multiplication
of this strain occurred in the developing
chick it obviously became of interest to
determine whether it could be cultivated
in cultures of chick embryonic tissues.
Experiments of this sort are now in
progress and the results so far suggest
that multiplication does occur under
these conditions.

Discussion

In conclusion, we shall offer brief
comment on the results of the investiga-
tions that have here been summarized.
We believe that they have provided tools
whereby the virus can be readily iso-
lated, its infectivity accurately deter-

MEASLES VIRUS VOL. 47 281

mined, and its pathogenic, immunogenic,
and other biologic properties analyzed.
Using these tools progress already has
been made toward the elucidation of
certain long-standing problems, such as
the cause of variation in the natural
resistance of monkeys and the question
of the susceptibility of the chick embryo.
Among others that remain to be explored
is the nature of the relationship of the
virus to postmeasles encephalitis, de-
termination of the true incidence of in-
apparent infection and of second attacks
of measles, the duration of immunity
as indicated by the persistence of anti-
body in the blood, and the determination
of whether dermal hypersensitivity to
the virus develops after infection.

From the more immediate, practical
standpoint it is evident that methods of
directly assaying the antibody content of
different preparations of gamma globu-
lin or other materials used in the pro-
duction of passive immunity are already
at hand.16: 17 It also seems that ground-
work has been established for future
studies directed toward the development
of vaccines whether composed of attenu-
ated or inactive virus. We are encour-
aged to believe that progress toward
this objective was made when we suc-
ceeded in propagating the agent in chick
embryos. In our opinion virus grown
under these conditions or in cultures of
chick tissue would represent the most
suitable material for the preparation of
vaccine. There is a potential risk in
employing cultures of primate cells for
the production of vaccines composed of
attenuated virus, since the presence of
other agents possibly latent in primate
tissues cannot be definitely excluded by
any known method. For the preparation
of inactive virus vaccine chick embry-
onic tissue would also appear to be
advantageous. Not only would it afford
relative assurance of the absence of
extraneous viruses in the starting mate-
rial, but also greatly reduce the cost of
manufacture.
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Much investigation, however, will be

necessary before such considerations be-
come of major importance, since first it
must be determined whether multiplica-
tion of the virus in chick tissue will con-
tinue indefinitely, whether sufficient viral
antigen is produced under these circum-
stances to be immunogenic when inacti-
vated, or whether attenuation of patho-
genicity for monkey and man may occur

as

a result of passage in chick tissue.

All these questions future investigation
must answer.

1.

. Shaffer,
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Mental Health Week Begins April 28
Mental Health Week has been scheduled for the week of April 28. As in the

past the National Association for Mental Health is directing this nation-wide
observance in cosponsorship with the National Institute of Mental Health, Public
Health Service. The week of concentrated attention to mental health problems is
designed to get year-round and concerted public support for the care, treatment, and
understanding that the mentally ill require in order to come back.

The 1957 slogan is “The Mentally Ill Can Come Back—Help Them—Give” (of
understanding, service, and funds). The Association has prepared a kit of materials
that is available for publications such as state health bulletins as well as for news-
papers and magazines. 10 Columbus Circle, New York 19.



