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INTRODUCTION

I. Statement of the Problem

Mumps is a paramyxovirus that camuses epidemic paro-
titis, a common contagious disease of children and young
adults characterized by inflammation of the salivary
glands, especially the parotid. Frequent complications
include orchitis in young men, and meningoencephalitis.

The agemt has been implicated in clinical disorders such
as viral arthritis, diabetes, primary endocardial fibiro-~
elastosis, and a number of other organ involvements.

The virus morphologically resembles other paramyxo-
viruses., It is a pPleomorphic virion 100-300 nm in diameter,
with a helical nucleocapsid 18 nm in diameter (S antigen).
The intact virus partiéle has a lipid envelope about 100 %
thick which is covered with the spiked hemagglutinin (V an-
tigen). The virus is sensitive to ether and chloro-
form, and infectivity is destroyed at 55 C for 20 min.
Treatment with formalin destroys infectivity but not the
hemagglutinin. The hemagglutinin agglutinates chicken,
guniea pig, and human "O" red blood cells at room temp-
erature or 4 C. The hemagglutinin is eluted from red
blood cells at 37 C. The single stranded RNA has a mole-
cular weight of approximately 7 x 106 daltons. The
nucleocapsid and hemagglutinin are synthesized in the cyto-
plasm. The site of RNA synthesis is unknown, but the

data suggest a cytoplasmic location. An RNA-dependent



RNA polymerase is assoclated with the mumps virion.

The general properties of the reaction appear to be gimilar
to those described for other paramyxoviruseé. Mumps

virus is composed of gix polypeptides, ranging in size

from 40,000 to 66,000 daltons, two of which are glyco-
proteins. The heavier glycoprotein contains both the
neuraminidase and hemagglutinating activity.

Al11 strains contain a common complement-fixing
viral (V) and soluble (S) antigen. No strain differences
exist by neutralization with mumps virus antiserum. A4
delayed hypersensitiwity state is induced by active in-
fection and can be observed with a skin test using live
or inactivated virus.

Pergistent infections with mumps virus have been
described in L and Lung-To cell cultures, and in human
conjunctival cells. The significance of the study of
in vitro persistent infections as model systems for in vivo
persistent infections and disease pProcesses has been re-
cognized for some time. The need for model systems for
mumps virus is apparent due to its possible involvement
in the chronic disease processes mentioned above. In
addition, the use‘of attenuated strains of mumps virus
in vaceine preparations raises the possibility that the
vaccine virus may lead to a persistent infection in the
host because of the decreased virulence. The purpose of

this research was to study a persistant infection of mnumps



virus in BHK-21 cells. The primary goals of the research
were to characterize the cellular and viral parameters

of the system and to study the properties responsible

for the maintenance of the virus-cell interaction of this
pergsistent infection. Increased understanding of this
persistence may pro#ide clues relating to the pathogene-
sis, prophylaxis and therapy of mumps-associated disease
processes.

A persistent infection was initiated by inoculation
of a dilute mumps wirus preparation into BHK-21 cells
(BHKpi). The purpose of this study was to understand
the persistence by means of the following:

i« Characterization of the BHK-21 cell culture per-

siétently infected with mumps virus.

ii. Characterization of the virus released from per-
sistently infected cultures by comparison of
its properties to the virus used to initiate the
persistence.

iii. To attempt to understand the virus-cell inter-
action; i.e., the host-parasite relationship

in the persistence.

II. Literature Review

A, Historical Background

"In Thasus, about the autumnal equinox, and under
the Pleiades, the rains were abundant, constant,
and soft, with southerly winds; the winter south-
erly, the northerly winds faint, droughts; on

the whole, the winter having the character of



spring. The spring was southerly, cool, rains
small in quantity. Summer, for the most part,
cloudy, no rain, the Etesian winds, rare and
small, blew in an irregular manner. The whole
constitution of the season being thus inclined
to the southerly, and with droughts early in the
spring, from the preceding opposite and northerly
state, ardent fevers occurred in a few instances,
and these very mild, being rarely attended with
hemorrhage, and never proving fatal. Swellings
appeared about the ears, in many on either gide,
and in the greatest number on both sides, being
unaccompanied by fever so as not to confine the
patient to bed; in all cases they disappeared
without giving trouble, neither did any of them
come to suppuration, as is common in swellings
from other causes. They were of a lax, large,
diffused character, without inflammation or
pain and they went away without any critical
sign. They seized children, adults, and mostly
those who were engaged in the exercises of the
palestra and gymnasium; a few women were also
affected. Many had dry coughs without expect-
oration, and accompanied with hoarseness of ‘
voice. In some instances earlier, and in others
later, inflammations with pain seized sometimes
one of the testicles, and sometimes both; some
of these cases were accompanied with fever and
gsome not; the greater part of these were attended
with much suffering. In other respects they were
free of disease, so as not to require medical
assistance.”

Description of parotitis by

Hippocrates

Epidemics, Book 1, Year 1 2

(translated by Adams 1886)

Mumps has been recognized as a c¢linical entity since
the 5th century B.C. Its most common manifestations were
clearly recorded by Hippocrates, who described it as a
mild epidemic sickness characterized by nonsuppurative
swellings near the ears and occasionally accompanied by
painful enlargement of one or both testes. In modern

times, Hamilton, 1790 (54), was among the first %o stress



orchitis as a frequent manifestation of the infection.

He also noted certain patients suffering from parotitis
who showed symptoms referable to the central nervous
system. However, it was not until the beginning of the
20th centnry that clinically apparent and inapparent
meningoencephalitis was generally recognized as a compli-
cation. Thereafter, it also became evident that other
organs, e.g. the ovary aamd the pancressa might be injured
by the infectious agent (127). During the first several
decades of this century considerable effort was expended
in attempts to determine the etiologic agent, Various
reports appeared ineriminating a variety of bacteria as
well as a spirochete, but the etiologic agent was not
isolated and identified as a virus until 1934, when Johnson
and Goodpasture produced parotitis in monkeys by ino#u-
lating bacteria~free infectious material directly into
Stensen's duct (29), No major progress was made, how-
ever, in characterizing the virus and in understanding the
pathogenesis and immunological aspects of the disease,
until the virus was propagated in the chick embryo and

was found to agglutinate chicken erythrocytes, similar to
influenza virus. In 1963 Hilleman successfully attenuated
mumps virus by passage in chick embryo tissue culture.
Known as the Jeryl Lynn strain, this vaccine was licensed
in the U.S. in December 1967 (99).

Interestingly canine mumps has also been desecribed by



several investigators (19,107) in such cases in which (a)
submaxillary or parotid enlargement was observed and (b)
antibody titers to both mumps viral and soluble antigens
were detected. Attention has been drawn to the possibi-

lity of a canine reservoir of this paramyxovirus.

B, Mumps Virus
1. Clinical Aspects

After an 18 to 21 day incubation period, the
disease is characterized by the appearance of parotitis,
sometimes foreshadowed by several signs which, during an
epidemic, orient the diagnosis: slight fever, some malaise,
discomfort upon chewing, and acute unilateral or bilateral
otalgia.,

Pardtid enlargement, at first unilateral,
becomes bilateral in one to five days. The swelling is
accompanied by a moderately febrile state.

At times other salivary glands become in-
volved, as revealed by the palpable swelling of the sub-
maxillary and sublingual glands.

The evolution of parotitis is benign; after
seven to ten days the swelling begins to subside, and it
disappears completely without sequel, toward the fif-
teenth day.

Mode of Transmigsion. Mumps is transmitted

from one individual to another by saliva containing the

virus. Transmission may occur by direct transfer, by



air-suspended droplets, or by fomites recently contam-
inated with saliva (71).

Pathogenesis. Although the pathogenesis of
mumps infection is not yet precisely understood, the
evidence available strongly supports the following
scheme: Virus first multiplies in an unknown site, pre-
sumably the upper respiratory tract; invasion of the blood
stream then occurs and infection of the salivary glands
and other organs is elicited (see Fig. 1),

Period of Infectivity. The period of com-

- municability, as determined by the isolation of virus
fﬁom the saliva in naturally occurring mumps as well as
in infections experimentally induced, may extend from
© days before salivary gland involvement until 9 days
thereafter (43,52,74)., The virus may be present in
saliva of subclinical or inapparent infections and cases
of orchitis or meningitis in which enlargement of the
salivary gland is absent (52,64). Mumps virus is also
excreted in the urine for as long as 14 days after onset
of illmess (120,121).

Mumps virus frequently affects other organs.
Its localization can be associated with parotitis or can
occur without it. Involvement of the testes announced
by a sharp rise in temperature with high fever, is char-
acterized by swelling of the bursula testium. Only the

testes increases in volume; the epididymis and the ductus



Figure 1. Schematic representation of the pathogenesis

of mumps.
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deferens remain normal. Orchitis occurs iﬁ about 20%
of postpubescent patients,

Central nervous system involwement in its
most usual form occurs as "aseptic" memingitis. This
does not differ from other virus-induced meningitis,

The lymphocyte level of the spinal fluid is often ele-
vated. Serious complications can occcur following mumps-
induced meningitis. Deafness is fortunately rare but if
is one of the most serious complications of mumps .

Numerous studies have attempted to examine
the role of mumps virus in encephalitides and even in
the persistence of mumps virus in brain tissue (8,49,
59,129). Widespread cytoplasmic inclusions can be ob-
served in neurons, ependyma, and choroid plexus. Optic
neuritis has also been described secondary to mumps
virus (112). However, studies examining the relationship
of mumps virus infections and measured intelligence pro-
vided no evidence of intellectual impairment (78).

Involvement of the pancreas may also occur
with mumps virus (27,45). It begins suddenly with a rise
in temperature, persistent dull epigastric pain, and vom-
iting. The blood amylase level is above normal, although
this increase may occur without clinically evident im-
pairhent of the pancreas. In addition, several reports
Bave indicated the possibility of a relationship between

primary mumps infection resulting in diabetes mellitus
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(28,47,63,106,113), However, to date no concrete etio-
logic evidence is outstanding.

Mumps virus and its association with arth-
ritis was described initially in 1850 (76). The arth-
ritis may begin 1 day hefore to approximately 15 days
after the onset of parotitis. Mumps-associated arthritis
is thought to occur predominantly in postpubertal sub-
Jjects, and most frequently in the third decade of life.
The large joints are most commonly affected, especially
the knees, ankles, shoulders, and wrists. The precise
etiology of mumps arthritis remains obscure (108).

Other sites of localization of the mumps
virus, whether or not associated with parotitis, are much
rarer. Thus, involvements of the prostate, epididymis,
ovaries, liver, spleen, thyroid, kidneys, heart, and
mammary glands have all been described (5,20Q,44,70,82,109).

It must be stressed here that mumps is such
a ubiquitous virus that many subclinical cases with mumps
virus are undoubtedly present with no apparent direct
consequences; however, as will be discussed below, these
exposures may be very important in initiating latent
infections which may persist.

Mumps and Pregmancy. A view that numps in
the mother may have effects on the fetus has been enter-
tained for some years with some evidence to support it

(10). For example Siegel et al, (100) found a high rate
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of fetal deaths and abortions following mumps in the 3rd
month of pregnency, and Johnson et al., (60) have shown
that mumps virus can induce hydrocephalus.

Beveral studies have been made with a hamster-
adapted strain of mumpe virus (36,66). It was demonst-
rated that mumps virus could proliferate in the uterus
and placenta of the pregnant hamster. In later studies
(65,77), intranuclear inclusions as well as specific
immunofluorescence pointed to amniotic fluid as the route
of transmission of virus to the fetus, with the re-
spiratory tract as the site of entry.

In addition embryonic mumps virus infection
in the host may lead to fetal and postnatal growth re-
tardation (110,130). The mechanism of this retardation
has not been established.

On the other side of the coin, interestingly,
mumps virus has been used in the treatment of certain
disease processes, namely human cancer (7). Of 90 pat-
ients with terminsl cancer of various kinds, treatment was
assessed as very gqoa in 37, and good in 42, excluding 11
patients who had been near death. Administration of mumps
virus produced few side effects. The initial antineo-
plastic effect of the mumps virus therapy seemed to occur
rapidly, in proportion bo swiftness of proliferation of
cancer cells.

Prevention and Control. Because subeclinical
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infections are common, control of infection by isolation
is not effective. The disease can be prevented by immuni-
zation., Infectious attenuated virus, inoculated sub-
cutaneously, induces an inapparent infection and devel-
opment of antibody in greater than 95% of antibody-free
subjects (children and adults). The attenuated virus

is derived by passage-of the Jeryl-Lynn strain in chieck
embryos and then in cultured chick fibroblasts., It has
been used since 1968. Infection follows inoculation of
the vaccine, but viremia and viruria are not detectible,
clinical reactiong do not occur, and virus does not
spread to exposed contacts. Although the antibody re-
sponsq‘is not as great as that accompanying natural in-
fections, antibody 1levels persist for at least 5 years,
and the vaccinees are almost uniformly protected upon
exposure to mumps infections,

Formalin-inactivated virus also induces anti-
body production after two subcutaneous injections, and
its c¢linical effectivemess has been demonstrated in con-
trol studites. However, antibodies decline 3 to 6 months
after immunization and neither the effectiveness nor the
persistence of immunity appears to be as satisfactory as
that following the live virus vacceine.

The live virus vaccine is of considerable
value for susceptible adults in whom the disease is more

severe and the complications more frequent.
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Passive immunization with gammaglobulin from
convalescent serum has been employed to prevent infection
after exposure, particularly in men, for whom orchitis
is a relatively frequent and severely discomforting com-
plication. Its effectiveness, however, has not been
clearly demonstrated.

2. Structure and Replication

Mumps virus morphologically resembles other

paramyxoviruses (see Fig. 2). It is a pleomorphic vir-
ion 100-300 nm in diameter with a helical nucleocapsid
18 nm in diameter (S antigen). The intact virus particle
has a lipid envelope about 100 £ thick which is covered
with the spiked hemagglutinin (V antigen). The virus is
sensitive to ether and chloroform, and infectivity is
destroyed at 55C for 20 min. Treatment with formalin
destroys infectivity bwt not the hamagglutinin., The
hemagglutinin agglutinates chicken, guinea pig, and human
"O" red blood cells at room temperature or 4 C. The
hemagglutinin is eluted from red blood cells at 37 C.
The single stranded RNA haas a molecular weight of approx~
imately 7 x 106 daltons. The nucleocapsid and hemag-~
glutinin are synthesized in the cytoplasm. The gite of
RNA synthesis is unknown, but the data suggest a cyto-
plasmic location (26,125).

All strains contain a common complement-

fixing wiral (V) and soluble (S) antigen. No strain dif-
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Figure 2.

Electron micrographs of negatively stained virions
of mumps virus (bars=100 nm). (4) Intact virion; peplomers
visible at lower edge. (B) Partially disrupted virion,
showing nucleocapsid. (C) Enlargement of portion of
nucleocapsid, in longitudinal and cross section (Frank

J. Fenner and David O. White, Medical Virology)
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ferences exist by neutralization with mumps virus antiserum.

RNA and Replieation of Mumps and Other Para-
myxovirugses. One of the most disfinctive fundamental pro-
perties of paramyxoviruses, including mumps virus, is
possession of the largest genome among viruses which have
8 single piece of RNA as their genetic material (31).
Virion RNA sedimenting at 508 was first found in NDV
(3,32,67). Similar RNA has been obtained from SVS5 (22),
Sendai virus (9), measles virus (98), and mumps virus
(34). The 508 RNA molecules isolated from mumps and other
paramyxoviruses are thought to represent complete viral
genomes, even though they have not been shown to be in-
fectious (67). TLack of infectivity could have a variety
of explanations, but the existence of virion transcrip-
tases, and the idea that they are essential in paramyxo-
virus replication explains the failure of isolated RNA
to be infectious.

A peculiar property of the virion 50S RNAs
is their ability to self-hybridize. Mumps virus 50S RNA
self-hybridized about 20% (34). However, no cross hyb-
ridization was obtained when complementary RNA species
generated in cells infected with NDV, Sendai, measles,
and mumps viruses wepp annealed with genomic RNA from
one of the others (34).

Attachment, Penetration and Uncoating. Viral
neuraminidase, an enzyme in search of a function, while

considered to play a role in myxovirus release (126)
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has also been put forward as an important factor in virus
penetration (95). These arguments must be categorized as
circumstantial at this point in time.

The idea of "viropexis" or the phagocytic
engulfment of virus particles, as a means of virus entry
into cells, was first suggested for influenza v¥iruses
(35). A number of studies have documented the passage of
paramyxovirions into cytoplasmic vacuoles (23,101). This
mechanism was questioned early, however, (85,96) and when
looked for, fusion of virion envelopes with cell surface
mambranes has also been obgerved, leading to the alter-
native proposal that infection is effected by virus-
cell fusion (4, 30, 56).

A number of hypotheses have been advancéd
about the identity of the "fusion factor" (17,89). The
lipid content of virion envelopes and viral hemolytic
activity appear to be the parameters most closely related
to capacity for cell fusion (51,55). The fusion of virion
envelopes with cell membranes appears to require meta-
bolic activity, since artificial membranes, to which en-
veloped virus attach, have not provided any evidence of
fusion (119).

At this time it is not known, on the basis
of available evidence whether viropexis, or fusion, or
both mediate infection. But as Cohen (21) has pointed out,

viropexis does not explain very much, because & virus
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particle in a vacuole is still separated by a cell mem-
brane from the cytoplasmic matrix of the cell, and a
mechanism must be devised for transport of at least the
viral nucleic acid across that membrane. One mechanism
for transport out of a vacuole could again be simply
fusion, the vacuole membrane behaving like the cell sur-
face membrane. Another possibility, suggested by pro-
ponents of viropexis, would involve partial digestion

of the virus by lysosomal enzymes (33).

Attempts to trace the fate of virué struc-
tural elements in cells by biochemical methods have been
hampered by a lack of effective methodology. One major
difficulty in this area is to distinguish virions which
are nonspecifically degraded by the cellbfrom virions
which are engaged in the infectious prodess. This dif-
ficulty may be compounded by the need for high infecting
multiplicities to achieve measurable concentrations of
isotopically labeled virion components. Virion RNA
becomes susceptible to ribonuclease about one hour after
infection, but becomes resistant again by about four
hours. The first event is attributed to uncoating, and the
second to a shift of the uncoated RNA from a single to a
double~stranded form. Uncoating in NDV infections (72)
was not inhibited by puromycin treatment of the cells,
suggesting that new proteins are not necessary for this

function. Other observations indicate that nucleocapsids
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are only very gradually, and possibly not completely,
divested of their protein in infected cells. In addition
paramyxovirion transcriptase appears to function in vitro
in structurally intact nucleocapsids, so it is conceiv-
able that genome transeription at least, and perhaps also
genome repiication, occur without the RNA being completely
uncoated.

Macromolecular Synthesis. One of the dis-
tinctive features of paramyxovirus replication that dive
orces it from the classical scheme of RNA virus replication
is the production of large amounts of single-stranded
RNA molecules smaller than viral genomes and complement-
ary in base sequences to viral genomes. It is thought
that these RNA copies, smaller than genome size serve
as mRNA which sediment at approximately 18S (34). Bratt
et al, {11) found that poly A sequences are added to the
RNA transcripts during virion mediated RNA synthesis
in vitro. Messenger RNA's usually have poly A sequences
at their 3' sermini and paramyxovirus messenger RNA's
conform to this rule.

The 508 RNA in cells appears to be a mixture
of genomic RNA and complementary RNA molecules of genome
length. The remaining virus-specific seingle-stranded RNA's
appear to be predominantly complementary to viral genomes
and they sediment slower than genomes (34). The most ab-

undant of the complementary RNA's is that sedimenting at
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about 18S. 22S and 35S species, however, have also been
seen (12).

The two polymerase functions, production of
18S RNA (transcription) and 50S RNA (replication) are
disscciable by certain manipulations. Mixed infection,
for example, with imcomplete virus particles seems to in-
hibit replication more than transcription. A similar
result is obtained when protain synthesis is interrupted,
as with cycloheximide treatment. Therefore, the presence
of at least two enzymes is hypothesized: a pPolymerase
function for 18S production and replicase function for 508
production.

RNA Synthesis Localization. The current
status of the site of RNA synthesis is that transcription
and replication occur in the cytoplasm and not in the
nucleus. The ability of paramyxoviruses to replicate in
cells treated with actinomycin D or inhibitors of DNA
synthesis rules out a need for continuing nuclear genetic
information processing during infection. On the other
hand, & small amount of labeled virus-specific RNA is
usually found associated with nuclei (Portner & Kingsbury,
unpublished data). In addition there is evidence which
suggests'that a portion of infecting viral genomes
rapidly enters the nucleus (16) and there im a period of
nucleolar viral RNA synthesis early in infeation (15):

A nuclear association early in infection has also been

demonstrated for NDV by immunoflmurescence (62). The



20

importance & nuclear site might have would be to indicate
a requirement for something the cell nucleus could provide,
perhaps an enzyme like the cellular transcriptase.

" Virus Assembly and Release. Mumps virus
and other paramyxovirus nucleocapsids presumably self-
assemble like their structural analogs, the helically
symmetrical plant viruses (18). The virion envelope
proteins, hemagglutinin, heuraminidase and perhaps the
40,000 molecular weight protein, combine with cell mem-
brane lipids (though not necessarily at the cell surface),
and modified patches of cell surface membrane containing
virion protéins appear. Nucleocapsids align in parallel
arrays beneath these modified membrane sites but not
elsewhere, suggesting that it is the nucleocapsids which
recognize the modified membrane and not vice versa. The
membrane theh protrudes locally with the nucleocepsids
following; there is a constriction at the rear which is
pinched off and a new virion is produced.

It must be emphasized that not all of the
virions so produced are infectious. There are indications
that mumps virus (and other paramyxoviruses) elaborate
defective virus particles (34).

Recently Kingsbury (68) has proposed a hypo-
thetical scheme for mumps virus and paramyxovirus repli-
cation (see Fig. 3). Although the proposed steps are

speculative it encompasses the most important facets of
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A Hypothetical Scheme of Paramyxovirus Replication
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paramyxovirus replication and will be discussed here in brief.
A virus particle (1) diffuses into contact
with the cell surface membrane, where it attaches via
its hemagglutinin (2). The virion envelope fuses with
fhe cell membrane (3), the viral nucleocapsid enters the
cytoplasm, and transcription of the genomic RNA begins
in the nucleocapsid (4), mediated by the virion trans-
criptase (£). The RNA template and nascent products form
a transcriptive intermediate. The complementary RNA
transcripts, smaller than viral genomes, are translated
on polyribosomes to giwe virus-specific replicase(s)
(R), hemagglutinin (H), neuraminidase (N), nucleocapsid
structure unit (S8) and transcriptase (T). Not shown is
the protein thought to be involved in virion envelope
structure. Also not shown is the possibility that trans-
lation might begin before transcription is completed,
forming a complex of transcriptive intermediate (in
nucleocapsid) with ribosomes. One function of the virion
replicase (R) is to make a genome sized complementary
strand (6), which, in turn, serves as template for genome
replication (?) in a replicative intermediate, via another
replicase function (Rz). Nucleocapsid structure units (S)
and transcriptase (?) associate with nascent progeny ge-
nomes (8). Completed viral nucleocapsids (9) have three
possible fates. Some may become involved in transeription

(10) which may be indistinguishable from that which occurs
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immediately after infection (4). Others may take part

in replication (11). The remainder (12) migrate to the
cell surface membrane, modified by the invorporation (13)

of virion surface proteins (H) and (N). Budding of a

new virion commences (14) and a new viriom is produced (15).

Polypeptides of Mumps Virus. The polypep-

tide composition of mumps virus is similar to that ob-
served with other paramyxoviruses as analyzed by poly-
acrylamide gel electrophoresis (58). There are five to
8ix polypeptides. A large glycoprotein of molecular
weight 65,000 to 74,000, a nucleocapsid protein of mole-
cular weight 55,000 to 60,000, a second glycoprotein of
molecular weight 52,000,to 56,000, and a low molecular
weight polypeptide of molecular weight 38,000 to 40,000,
There are also two minor polypeptides present. The heav-
ier glycoprotein has always been the one associated with
the hemagglutination and neuraminidase activity. The
smallest polypeptide is believed to be & structural pro-
tein in the membrane envelope of the vitrion, because it
is a major viral polypeptide and because it can be removed
from the virus particle bj digestion with detergent and
high salt. The function of the smaller glycopratein and
the minor viral polypeptides is as yet unknown (Table 1).
The association of the neuraminidase and
hemagglutinating activity with the same polypeptide in

mumps virus and other paramyxoviruses is in contrast to



24

the results with influenza virus, in which these two
biological activities were found to be associated with
'separate polypeptides. The biological function of the
smaller paramyxovirus glycopraotein, VP-3, has not been
fully elucidated, although it has been suggested that
this polypeptide contains the hemolytic and cell fusion
properties of the virus.
3. Immune Response to Mumps Virus

Several studies have examined the effect of
mumps virus on the immune response (40,42). Mumps in-
fection in the guinea pig model has been shown to depress
the expressmion of pre-existing delayed hypersensitivity
(46). This did not ocecur if the virus was inactivated
before administration. In a different study children
receiving measles-mumps-rubella vaccine developed an
impaired in vitro lymphocyte response to stimulation with
antigen (candida) but not with mitogen (phytohemagglutinin
and pokeweed mitogen) (83). The impaired response to
antigen lasted from one to five weeks after vaccination.,
There was no alteration in the number of either total
or thymus-derived lymphocytes in the peripheral blood
after vaccination. This suggests that viral vaccination
causes a depression of lymphocyte funetion rather than a

depletion of functional lymphocytes.

C. Persistent Viral Infections and ts Mutants

Paramyxoviruses readily establish persistent



Table 1. Mumps Virus Polypeptides.

Viral
polypeptide

VP-1
VP2
VP-3

VP-4
VP-5
VP-6

Mol. Wt.

66,000

58,000
56,000

48,000
44,000
40,000

Composition

Glycoprotein
Protein

Glycoprotein

Protein
Protein

Protein

25

Function

Hemag, Neur

Nucleocapsid protein

Unknown, possibly

hemolytic & cell
fusion

Unknown

Unknown

Structural protein
in envelope
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infections in vitro (50, 87, 97, 116, 124), The signi-
ficance of the study of in vitro persistent infections

as model systems for in vivo persistent infections and

disease processes has been recognized for several years
(1,53,61).

Walker, in a review of the viral carrier state
in animal cell cultures, has analyzed a number of persist-
ent viral infections by asking a series of very pertinent
questions (123). The questions which Walker attempts to
answer, to categorize in vitro persistent infections, are:

l. Must antibody or other anti-viral factors be
supplied in the culture medium to maintain equili-
brium in the carrier culture?

2, Can the cultures be freed of virus (cured) by
serial cultivation in a medium containing anti-viral
antibody, or can virus-free chones readily be ob-
tained by cloning under antibody?

3. Is the culture resistant to superinfection by
the carried virus, and is it resistant to challenge
by other viruses?

4. What fraction of the cell population is infected
under the conditions in which the carrier state is
most stable?

5 Do infected cells divide and grow into infected
clones?

Using these criteria to differentiate various
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types of persistent infections Walker classified a number
of in yitro persistent infections into four categories.

The first category consists of those infections which

are comprised of genetically resistant cells (see Table 2).
This type of culture is one in which most cells are gene-
tically quite resistant to the carried virus and the
infection is perpetuated in a minority of cells in the
population., Examples of infections of this kind are those
of Comackie A9 virus in Hela cells and poliovirus in Hela
cells.

The second type includes cultures in which the
cells are genetically susceptible to the carried virus,
but the transfer of virus from cell to cell is limited
by antiviral factors in the medium. The characteristics
of this group are listed in Table 3. The best examples
of this category of infection are found in the cultures of
herpes simplex virus in various cell lines.

The third type of infection is that in which the
cells are genetically susceptible, but most cells are un-
infected and are made resistant to infection by interfering
factors produced within the culture. The features of
this category are shown in Table 4. ZExamples of this kind
are Newcastle disease virus in L cells and Western equine
encephalitis virus in L cells.

The fourth category of infection includes a

group of cultures quite different from the other three.
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The characteristics are listed in Table 5. Quite a
number of viruses, particularly ones of the paramyxo-
virus group, initiate infections of this type. They
have been shown to establish in cell cultures a cell-
virus relationship in which there is a cytoplasmic in-
fection of all or a very large fraction of the cells
without evident cytopathic effect and in which trans-
mission of the infection is from cell to daughter cell
through'mitosis. Some of the infections of this type
are: measles virus in Hela cells, HA2 virus in Hela
cells, HAl virus in human conjunctiva cells; and SV5
virus in primary monkey kidney cells.

Although temperature-sensitive (ts) mutamts
of mumps virus have not been previously described,
temperature-sensitive mutants of seweral other viruses
have been previouély reported. Chemically induced ts
mutants have been reported in a number of virus classes.
For example, ts herpesvirus (134), reovirus (38), adeno-
virus (128), polio virus (24,25), respiratory syncytial
virus (41), influenza virus (75, 79, 104), Semliki Forest
virus (114), Sindbis virus (13,14), and vesicular stoma-
titis virus (VSV; 94), have been used to study viral
biochemistry and genetics. Spontaneous ts mutants also
occur at a low frequency in many, if not all, virus pop-
ulations. Spontaneous ts mutants have been observed with

reovirus (38), influenza virus (104), VSV (39), and New-
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Table 2

Characteristics of Persistent Infections in Cultures of

3

Genetically Resistant Cells

Only a small fraction of the cell population is infected.
The virus cycle is a standard one in infected cells and
the cells are destroyed. Infected cells do not divide

or grow into infected clones.

Most cells are uninfected and are protected because
they are genetically relatively resistant. The culture
is relatively resistant to superinfection with homo-
logous virus and the resistance is retained in cured

cultures and in uninfected clones.

The culture can be cured by antiviral serum in the
medium. Clones of uninfected cells are easily obtained

by cloning cells in an antibody containing medium.

Antibody or other antiviral factors need not be supplied
in the medium. Interfering factors are not essential

to cultural stability.
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Table 3

Characteristics of Persistent Infections in Cultures of

Genetically Susceptible Cells Protected by Antiviral

Factors in the Medium

Only a small fraction of the cell population is infected.
The virus cycle is a standard one in infected cells
and the cells are destroyed. Infected cells do not

divide or grow into clones.

Most cells are uninfected and are protected by anti-
viral factors in the medium. If antiviral factors are
removed from the medium, the culture is not resistant
to superinfection by the carried virus, and it is not
resistant to unrelated viruses. Clones of uninfected
cells are easily obtained by cloning cells in an

antibody-containing mediunm.

Antibody or other antiviral factors must be supplied
in the culture medium. Interfering factors are not

essential to cultural stability.
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Table 4

Characteristics of Persistent Infections in Cultures of

Genetically Susceptible Cells Protected by Interference

and Interferon

Only a small fraction of the cell population is infected.
The virue cycle in infected cells tends to be an abort-
ive one that yields incomplete virus and interferon in
addition to some infectious virus. Infected cells do

not divide or grow into clones.

Most cells are uninfected and are protected by a resist-
ance induced by incomplete virus or interferon. The
culture shows increased resistance to superinfection

by the carried virus and to infection by other viruses.
The increased resistance is lost after the culture is

cured and is not found in uninfected clones.

The culture can be cured by use of antiviral serum in
the medium. Clones of uninfected cells are obtained

by cloning in an antibody-containing medium.

Antibody or other antiviral factors need not be sup-

plied in the medium,
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Table 5
Characteristics of Persistent, Noncytocidal Infections

Transmitted Through Cell Division

1. All, or a large fraction, of the cells are infected.

2. Infected cells divide and grow into infected clones.
Most clones of cells obtained from the culture are

infected.

3. The culture is resistant to superinfection by the
infecting virus but is not resistant to unrelated

viruses,

4, Antibody or other antiviral factors need not be sup-

plied in the culture medium.

5. The culture is not cured by addition of antiserum to

the medium,
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castle disease virus (NDV; 92).

Interest in ts mutants has to a large degree been
limited to the potential of some of the viruses to fun-
ction as live virus vaccines. Attempts to use ts mutants
of influenza virus (79,84,85), respiratory syncytial
virus (41), and herpesvirus type 2 (134) for vaceination
of human volunteers have met with limited success. How-
ever, there is increasing evidence that naturally selected
ts mutants may be involved in disease states in vivo.

Persistent viral infections have been established
using cells originatihg from many different tissues and
species, and with #iruses from almost every taxonomic
grouping (1,123)., Studies of the viruses released from
persistent infections demonstrated that they often dif-
fered from the initiating virus in biological properties,
such as virulence, plaque size, antigenicity, heat lab-
ility, and timing of the replicative cycle. Mumps virus
released from carrier cultures of human conjunctival célls
(124) or from BHK-21 cells was less virulent than wild-
type mumps virus for several types of cells. Studies
regarding the nature of persistent measles virus infections
in cell culture have also shown that such infections
result in the selection of viral mutants. Measles virus
from cultures of diploid human embryonic lung (LU 106)
cells banded differently from wild-type virus in cesium

chloride gradients (87). HeLa cells persistently infected



34

with measles virus produced virus with a slower growth
rate and lowered virulence as compared to wild-type virus
(6, 80, 97); in addition, virus isolated from several
HeLa cell carrier cultures produced smaller plaques on
susceptible Vero cells than wild-type virus (6, 81).
Youngner and colleagues have intemsively studied
a line of mouse L cells (LNDV) persistently infected
with NDV, a paramyxovirus (90-92, 117, 118). Virus iso-
lated from Lypy cultures (NDVpi) produced smaller plaques
on primary chick embryo (CE) cells and was also less
virulent in vivo for mice and embryonated egge than the
wild-type virus, NDVo. NDVpi also differed from the
wild-type virus in a number of other biological properties,
including thermal stability of both hemagglutinin and
neuraminidase, and in growth pattern in L cells. Youngner
et al. also showed that NDVpi clones were naturally
selected ts mutants which had evolved during the estab-
lighment and maintenance of the persistent infection (90).
NDVpi did not replicate in primary CE cells or in bovine
(MDBK) or canine (MDCK) kidney cell lines at 42-43 (,
while NDVo produced near normal yields at that temperature.
Biochemical characterization of the NDVpi mutants demon-
strated that all NDVpi clones isolated did not synthesize
virus-specific RNA (RNA-) at the nonpermissive temperature,
and appeared to have defects associated with RNA poly-

merase activity (91). Further work in Youngner's lab-
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oratory showed that the plagque-type marker and the ts
marker were independent mutations, and that ts revertant
viruses which had lost the ts marker but which retained
the small plaque phenotype could be isolated from plaques
produced at the nonpermissive temperature (91).

In addition to Youngner's work, an increasing
number of reports have indicated that virus recovered
from many different types of persistent infections has
an impaired ability to replicate at elevated temperatures.
Simizu and Takayama have studied a plaque-type mutant
from a line of Fructo mouse sarcoma cells persistently
infected with Western equine encephalitis (WEE) virus
(102)., This virus was attenuated in virulence for mice
and was also ts at 42 C (103). In contrast to the
results with NDVpi, temperature shift experiments sug-
gested that the ts WEE virus mutants might be defective
in a late stage of virus maturation at the non-permissive
temperature (103).

Other reports have also associated ts virus mutants
with establishment of persistent infections. In BHK-21
cell cultures persistently infected with Sendai virus,
viral maturation was normal at 31 C but was ts at 37 C
(86). Several reports also link persistent measles virus
infections in vitro with ts mutants. Virus production in
LU 106 cells persistently infected with measles virus was

greatly increased at 33 as compared to 37 C (87). In
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hamster embryo fibroblasts persistently infected with
measles virus, virus maturation was increased 100-fold

by growing the cells at 33 C, rather than 39 C (69).
Haspel et al, confirmed that maturation of measles virus
in chronically infected hamster embryo fibroblasts was
temperature-wensitive (48). Armen et al, (6) also demon-—
strated that measles virus released from chronically
infected Hela cells was temperature-sensitive.

It appears then that the appearance of tempera-
ture-sensitive mutants released from persibtent viral
infections in vitro is not limited to any particular class
of virus or type of cultured cells, and the selection of
ts mutants may arise, at least in certain circumstances,
because of the presence of spontaneous ts viruses in the
wild-type population. For example, Valentine (122)
described a commonly ocourring spontaneous mutant of
bacteriophage Qp, which caused persistent infection of its
bacterial host. Virus isolated from the turbid plaques
produced by this mutant was strongly ts at‘41 C due to
defective RNA polymerase production at the elevated temp-
erature.

The selection of temperatureésensitivé mutants
also occurs during persistent viral infections in vivo.
This is the overriding importance of the study of the
role of ts mutants arising from persistent viral infections

in vitro.
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A virus designated "6-94" was isolated from cell
cultures obtained by lysolecithin-~induced fusion of CV-1
- monkey kidney cells with brain cells from a patient with
multiple sclerosis (115). The virus, which was similar‘
biochemically to Sendai virus, produced much higher
yields at 33 C than 37 C, while yields of Sendal virus,
the putative wild-type virus, were equal at both temp-
eratures (73). Temperature-sensitive mutants of reovirus
have also been associated with chronic degenerative brain
disease induced in laboratory rats (37). Furthermore,
plaque production by strains of foot-and-mouth disease
virus isolated from carrier cattle (2-12 months after
axposure to the virus) was ibhhibited at 40-41 C, whereas
plaque production by vesicular isolates from the acute
infection was not affected by the elevated temperature (111).

The mechanisms involved in persistent viral in-
fections that have been proposed include interferon,
antibody, genetically resistant cells, ts mutants,
defective-interfering (DI) particles, and DNA intermediates
(5%,9%,105,116,123,131). Clearly, DI particles appear to
function in the regulation of many persistent infections
(53,57,88). Interferon has been reported to be involved
in the maintenance of certain persistent viral infections
in vitro (16). DNA intermediates have also been reported
in cells chronically infected with viruses (105,131,132,

133)., However, the interplay of selective pressures within
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the persistent infection leading to the most stable
virué-cell interaction is still not clearly understood.
Further, the increasing evidence that selection of virus
mutants, particularly ts mutants, is involved in the ini-
tiation or maintenance of persistent infections is too
strong to be considered a random process.

The mechanism of selection of ts virus mutants
in persistently infected cells is as yet unknown. The
frequency of spontaneous ts mutants in NDV populations
appears to be relatively high (91). Selection of these
virus clones may be involved in the initial establishment
of the persistent infections. A continual rheostatic-type
evolution of the virus might then proceed through periods
of virus synthesis until a stable carrier culture is
reached (93). In addition, other factors such as inter-
feron or defective particles may be involved in regulation
of virus synthesis in any particular persistent infection.

D, Persistent Infections with Mumps Virus

The studies of persistent infections in tissue
culture with mumps virus have come in large part from the
laboratories of the Henle's and from Walker and Hinze
(50,124). Table 2 summarizes the properties of mumps
virus persistent infections in four different cell lines,
including the results of this investigator.

Between 80 to 90% of the cells show evidence of

infection by either FA or Had with the conjunctiva ar BHK
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persistent infections. However, the BHK system releases
only a fraction of the virus released in the conjunctival
cell system. It is interesting to note that the doubling
time of the BHK persistence was less than that of control
cells; this is in contrast to the growth rate of the
Walker-Hinze system in which the doubling time was re=-
ported to be the same as for the control cells,

Immunofluorescence studies showed a unique
feature of the BHK persistence, namely that a clear nuclear
inv¥olvement was observed. It is'maximally seen shortly
after subculturing and gradually fades as fluorescence
is seen developing in the cytoplasm.

Temperature-sensitive mutants of mumps virus
were observed being released from the BHK persistence.
True temperature-sensitivity experiments were not con-
ducted in the previously reported infections; however, in
the conjunctiva persistence shift-up experiments indicated
that ts mutants may have been present since this inhib-

ited virus multiplication.
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