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General Introduction:

The viruses of Infectious Bovine Rhinotracheitis (IBR), Bovine
Virus Diarrhea (BVD) and Bovine Parainfluenza type 3 (PIB) are of con-
sidarabie importance to the livestock producer and the veterinarian because
of the wide range of disease entities they produce, either individually or
in combination, in caltle all over the world. A herpes virus, the IBR
virus has been incriminated as the cause of upper respiratory disease,
conjunctivitis, balanoposthitis, pustular vulvovaginitis, infertility,
and in conjunction with PI3 virus, the shipping fever complex. Some other
members of the Herpes group have generated current interest as they have
been associated with different‘types of cancer. The PI3 virus has been
isclated from man, cattle, water buffalo, horses, monkeys, rodents, sheep,
swine, etc., and is associated with respiratory disease in cattle. Other
members of tha Paramyxovirus family, notably rindefpest, canine distemper
and Newcastle disease viruses have caused widespread and often devastating
diseases in livestock, Human strain of PI3 causes respiratory diseases
_in children and some members of the parainiluenza group have recently been
indicted as possible etiologic agents in multiple sclerosis. BVD virus
is widespread in cattle populations often as subclinical infections, as
well as clinical enteritis, abortion and cerebellar hypoplasia,

Understanding of the morphogenesis of these viruses in cells in
vitro is a useful step in the understanding of their pathogenesis in living
animal. This study was designed to investigate the sequence of development
in cell cultures, of the antigens of these viruses, The antigens will be
visualized by fluorescent antibody (FA) staining. IBR and PI3 viruses infect
the bovine respiratory tract, hence bovine turbinate cell cultures have

been chosen to study the morphogenesis of these #iruses. The development of



BVD virus will be studied in Bovine Embrycnic¢ Kidney (BEK) cell cultures,



Paper 1:

SEQUENTIAL DEVELOPMENT OF
INFECTICUS BOVINE RHINOTRACHEITIS VIRUS
IN BOVINE_TURBINATE CELL CULTURES

Summary

The sequence of appearance and localization of IBR-V antigens in
infected bovine turbinate cells were studied by Fluorescent Antibody (FA)
‘technique. Béth intranuclear and cytoplasmic fluorescence were observed.
Specific fluorescence was first seen at 2 hours post infection, as bright
line of fluorescence surrounding the nuclear membrane. Cytoplasmic
fluorescence was most intense between 16 and 24 hours post infection, and
diminished slightly after that. Nuclear fluorescence was observed betwsen
6 and 12 hours post infection. The production of infective virus was

correlated with appearance of fluorescent viral antigens.



SEQUENTTIAL DEVELOPMENT OF
INFECTIOUS EOVINE RHINOTRACHEITIS VIRUS
ANTIGENS IN CELL CULTURES

Introduction:

Infectious bovine rhinotracheitis virus (IBRV), a herpes-virus,
has been incriminated as the cause of upper respiratory disease,
conjunctivitis, abortion, balanoposthitis, a fatal calfhood disease,
infectious pustular vulvovagivitis, infertility, artificial mastitis, and
endometritis (House) (13). Like some human herpes viruses, IBRV has been
shovm to induce malignant transformation of infected hamster cells (2})
(Michalski and Hsiung, 1975). This fact is of particular importance because
IBRV could be a contaminant of bovine sera commonly used in tissue culture
media, Hence a great deal of interest has been generated in the study of
the pathogenesis of IBRV infection, its development in infected cells and
the effect on iniected cells. Fluorescent Antibody technique was born in
1941 when Coons (6) utilizing the knowledge that the antibody molecule
could ba covalently linked with other molecules without disturbing its
specific activity, successfully coupled fluorescein isocyanate to antiserum.
Later Riggs et al. (30) introduced the more stable fluorescein iscthiocyanate,

Fluorescent antibody (FA) techniques have been widely wsed in
diagnosis and study of multiplication of viruses (28, 23, L1, 29, 1, 11,
20, 12, 26, 33, 31, L2, 35)., This method is particularly useful imn
visualizing the reproductive cycle of viruses in tissue culture, and
in following sequential development of viral antigens (33, 31, 12). FA

offers great promise in diagnoses of disease because of the rapidity with
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which diagnosis can' be made (12). One of the greatest problems with FA is
the preparation of specific antisera. Nonspecific stainlng reduces the
sensitivity of FA tests., Fundamental to FA techniques is tﬁe production
of highly specific aﬁtiserums for each virus or viral antigen, Several
methods for producing monospecifiic antibodies, have been described

(39, 31, 33, etc.). Christofinia, et al, (L) described a method for
producing of monospecific antisera in gnotobiotic animal, against wviral

antigens.

‘Literature Review

The development of viral antigens in cell cultures as observed by
FA techniques has been studied in several virus-cell culture systems,
Reports concerning the location of immunofluorescent antigens have varied
widely, even in the same virus. The antigens of New Castle disease have
been located in the cytoplasm ﬁhereas influenza viral antigens localize’
in the nucleus (29). Hog cholera antigens have been localized first in
nucleus, in cytoplasm and in both (23). Such situations have been
encountered for innumerable virus-cell culture systems, and raises the
questions why and how viral antigens segregate in Aifferent cell compart-
ments. This also raises even more fundamental questions, such as what
factors determine whether a virus will multiply in the nuclsus or cytoplasm
of infected cells, and how does the virus move its component parts from
sites of synthesis to sites of assembly (33). |

In studies of IBRV by FA technique, Bindrich (2) reported that
immunofluorescent antigen were present within the muclei of infected bovine
embryonic kidney (BEK) cells at 5 hours after infection. This nuclear

fluorescence increased as infection progressed. Cytoplasmic fluorescence



was not observed.

Gratzek, et al. (11) studied the development of IBRV in bovine
testicle cells by fluorescent microscopy and electron microscopy. They
observed initial fluorescence at the nuclear membrane 90 minutes post
infection. Fluorescence was vesicular, and gradually spread through the
cytoplasm, Nuclear fluorescence was absent., Electron microscopic
observations revealed a pattern characteristic of the herpesvirus group.
Virus capsids were observed in the nmuclei of infected cells, and enveloped
intracytoplasmic viral particles were always within vesicles.

In similar studies with bovine kidney (BK) cells,'Jasty.et al., (20)
determined the location of viral DNA by acridine orange staining and by
Feulgen test reaction; location of viral proteins was by fluorescent
antibody (FA) staiming, and cellular morphology was studied by hematoxylin-
eosin (HE) staining.  Fluorescence was first observed at the region of
the nuclear envelope at U hours post infection. Fluorescence spread
rapidly into the cytoplasm, and by 12 hours, the entire cytoplasm emitted
bright specific fluorescence. During this period they observed fluorescence
at the nuclear envelope, with occasional specks of fluorescence in the
nucleoplasm, By 20 hours, they noted that the entire nucleus, in addition
to the cytoplasm, emitted fluorescence. Theil, et al. (39) studied IBRY
development in MDBK cells by immunofluorescence staining. Fluorescent
granules first appeared at the nucleocytoplasmic junction L hours after
infection, intensified around the nuclear membrane and spread throughout
the cytoplasm by the 12th hour after infection. Nuclear fluorescence was
not observéd,,in spite of the fact that they tested six strains of IBRV,
(some known to produce intranuclear inclusions), and used conjugates pre-

pared by different methods, Heating the coverslips reduced cytoplasmie
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fluorescence, but nuclear fluorescencs was not observed in heated coverslips.
Schipper and Chow (35), studied IBRV developmeni on bovine embryonic

kidney (BEK) cells, and noticed fluorescence first in the cytoplasm
~adjacent to the nuclear membrane of infected cells at 12 to 24 hours post
incubation. Fluorescence spread throughout the cytoplasm. In general,
nuclear fluorescence appears to be uncomnon (Theil, et al. 5) in IBRV
infected cells.

Electron microscopy studies of single cycle infection of tissue
culture cells by IBRV (18, 19, 37) have yielded somewhat different results.
In all cases, viral particles were first noticed in the nucleus between
the 5th (37) and Bth (18, 19) post infection hour, These viral particles
were considered to be immature viral nucleocapsids (19), and generally
acquired an envelope from the internal lamella of the nuclear envelopes.
Envelopment of virus occurred mainly in the nucleus though it was observed
nccasionally in the cytoplasﬁ (19). 1In either case the source of the
envelope was the internal lamella of the nuclear envelope. Following

similar studies by Schwartz and Roizman on Herpes simmlex virus, (34)

Jasty and Chang (18) showed that bovine kidney cells infscted with IBRV
develop branching membranous channels in their cytoplasm. The presence

of virus particles in these channels suggest that such memhranous

structures might be concerned with the passage of virus from the perinuclear
cisterna to the intercellular spaces. Using acridine orange and Feulgen
test, Jasty and Chang (20) has shown that the site of synthesis of IBRV

DNA was the mucleus (nuclear envelops and its internal boundary), These

and similar evidence (3L) suggest that the IBR viral INA is synthesized in
the nﬁcleus; the viral nucleocapsid is assembled in the nucleus (34); and

the viral particle is enveloped in the nucleus before being transported



into the cytoplasm.

Electron microscopy and other studies on other members of the herpes
group have also shown similar tendencies (10, 13, 22, 25, 31, 32, 33).
Lebrun (22) studied the localization of herpes simplex antigens in chorio-
allantoic membranes, mouse brain and human epidermoid carcinoma cells
grown in tissue culture. Localization of antigens was by means of specific
human serum and fluo;escein-labelled anti-human gamma globulin. She
observed ﬁhat antigen made its first appearance as a small spherical spot
in the nucleus, increased slowly in amount there, and then appeared in the
cytoplasm in large amount. The nucleus lost antigen until at the end
stages, showing typical type A inclusions, it contained little or no antigen.
Taking other similar studies‘in consideration, Lebrun concluded that the
herpes simplex virus contains characteristic antigenic material during its
intranuclear stage, that is, before it has acquired its secod coat.
Roizman, et al, (33) also studied cellular compartmentalization of herpes
virus antigens during viral replication. Using human epidermocid carcinoma
(HEP-2) cells, labelled pool of human gamma globulin, and rabbit serum
prepared against boiled cell debris they demonstrated five distinet
immunofluorescent elements, antigenic products specified by herpes virus
in HEP-2 cells., These were (a) an amorphous mass filling the nmucleus,
(b) large and (c) small nuclear granules, (d) cytoplasmic granules, (6 and a-
powdery material dispersed throughout the cytoplasm. The viral antigens
were segregated in the nucleus and cytoplasm; each antigen accumulated in
one compartment only. All five immunofluorescent elements were demonstrable
with the rabbit serum (Ra-1BC), but the human gamma globulin stained
only cytoplasmic antigens. They observed that this restricted reaétivity

of the antibody contained in the human globulin is not dus to its inability



to penetrate the mucleus of the fixed cells--since the same globulin pool
was successfully used to demonstrate intranuclear antigen in cells infected
with measles virus, These workers offered two hypotheses to explain the
compartmentalization of viral antigens (34): the antigenic products
specified by virus are synthesized either in the micleus or in cytoplasm,
and that the antigens accumulate where they are made; ( b) all antigens are
made in one compartment but are selectively transported or become
immunologically altered as they cross into other compartments, Sufficient
efidence was not yet available to clearly discriminate between these two.
However, they tend to favour the second hypothesis. Roizman et al. (33)
pointed out that studies in their laboratory indicates that whereas the
bulk of viral proteins are synthesized on cytoplasmic polysomes, the nucleus
is the site of synthesis of viral DNA, and the assembly of the virion., It
could be that viral protein is selectively transported to the nucleus,

or that protein acquires a new immunological reactivity in the process of
transport from cytoplasm to mucleus (33). In an analysis of polypeptides
made in.cells infected with herpes simplex virus, Honess and Roizman (13)
observed that of the L9 polypeptides specified by the virus, at least two
polypeptides showed evidence of posttranslational changes in théir mobility.
Such changes may be determined by intracellular translocation or may occur
during assembly of the virion, and could impart new immunclogic reactivity
to the protein.

By being able to demonstrate intranuclear viral antigens with
antiserum made in rabbit against a 72-hour infected cell stroma (rendered
‘free of infectious, undenatured viruses), Roane and Roizman (31) concluded
that the immunologic specificity of a particular antibody may determine

whether intranuclear-or cytoplasmic antigens are stained by FA. Nii, et al.
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(25) in electron-microscopy studies with ferritin-conjugated antibedies
(using human and rabbit antisera against herpes virus) found that muclear
and cytoplasmic membranes, viral envelope and aggregates of viral antigen
encountered in the nuclear and cytoplasmic matrix were all tagged with
ferritin-labelled antibodies. Viral capsids were not tagged. They
surmised that the capsid protein was so weék an antigen that sera employed
were not sufficiently strong to cause a recognizable tag.

Many other explanations have been given for the failure to locate
intranuclear antigens by FA. Theil et al. (39) suggested that the intr§-
miclear inclusions are not rich in virus or viral antigens., They further
suggested that because of rapid multiplication of IBR in MDBK cells, viral
antigens do not accumlate in the nucleus in sufficient amount to bs
detected by FA.

One interesting observation made by Theil, et al. was that the
developmeat of IBR viral antigens were not affected by 3 pyrimiding
andlogues-~FUdR, TUdR, and ARA-C. They interpreted this as an indication
that IBRV immunofluorescent antigens develop independent of DNA synthesis
and infectious wirus replication. Secondly, that the production of CPE
by IBR virus is not a valid indication of infectious virus replication.

In their studies of proteins specified by herpes simplex virus, Honess

and Roizman (13) reported that of the 49 polypeptides specified by the
virus 23 were classified as structural, 16 nonstructural and 10 unassigned,
They concluded that there is no simple differentiation into early non-
structural and late structural proteins. Structural proteins are members
of both early and late groups. Extrapolated to.IBRY, this could explain
why the pyrimidine analogues did not bloclc the production of immuno-

fluorescent antigens. TLike the herpes virus, some structural proteins
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(antigens) could have been part of early proteins. It may dlso be_that DNA
synthesis was not completely blocked. Consigli, et al., (5) showed that

the presence of 5 methyl deoxycytidine (5MdC) in Parker's 1066 media
resulted in failure of FUdR to irhibit specific protein synthesis in polyoma
virus., They showed that 5MdC, a compound which on deamination would

yvield thymidine which is capable of reversing the FUdR effect. It is pos=-
sible that the inhibiton by the pyrimidine analogues was not complete or was

sufficiently reversed to result in synthesis of viral structural proteins.

'MATERIALS AND METHOD

Virus: Los Angeles strain IBRV was obtained from Dr. H. Minocha
(Department of Infectious Diseases, Kansas State University) and propagated
in Madin-Darby Bovine Kidney cells in 2 liter roller bottles. On the
fifth post inoculation day, the cells were scraped off the bottle, and
clarified. The virus was concentrated by ultracentrifugation at 25,000 rpm
for 5 hours. The pellet was resuspended in 3 mls of PBS sonicated, and

titrated by plaque assay method., This virus was used for the study.

Growth Media: °2Eagles Minimum Essential Media (MEM) with 5%

Lactoalbumin® hydrolysate (LAH), 1% sodium pyruvate, antibiotics and 10%

inactivated Fetal Calf Serum.°

Maintenance Media: MEM with 5¢ LAH, 1% Sodium pyruvate, antibiotics

(see appendix B) and 10% inactivated horse serum.®

2,%Grand Island Biological Gompany, Grand Island, New York 14072.

CKansas City Biolegical Inc., Lenexa, Kansas 66215,
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Cultures: Primary Bovine Turbinate (BT) cells, passage 1§ was

grewn to monolayer in 75 cm plastic cell culture [lask,

Coverslip culture: Twenty two mm sguare ccverslips (Corming) were

washed in hypochromic acid, and autoclaved. Coverslips were placed in

35 x 10 mm plastic petri dishes, and seeded with 20C,000 BT cells in 2 mls
of growth media. After 2L hours, the growth media was removed, the cover-
slips were wasned twice with PRS, and each coverslip was infected with 0;2
als of a 10™% dilution (10° PFU/nL) of the virus described above. The virus
was allowed to adsorb for 1 hour at 3?00 in a carbon-dioxide incubator, The
coverslips were then washed twice with PBS, and 2 mls of maintenance media
added. This was regarded as post infection time 0, hour. Samples were
collected at the following hours post infection: 0, 2, 4, 5, 6, 7, 8, 9,
10, 11, 12, 16, 20, 2L, 30, 36 and L8 (hours)., At time of collection, each
coverslip was washed.twice in Tris-butfered Saline (TBS), allowed %o dry

in a 37° incubator for 10 minutes and fixed in cold acetone for 10 rinutes
(at -70°C). The coverslip was tlereafter air-dried and steored as -70°C for
future use. Controls included wninfected coverslips, and coverslips
infected with BVD virus. Fluorescent Antibody (FA) staining. In a second
experiment, the fixative was a 2:1 mixture of Acetene and Muthanol, at
-20%.

The coverslips were taken out of cold storage and allowed some
minutes to reach room temperature. They were placed in petri-dishes lined
with absorbent paper and flooded with TBS for 5§ tc 10 mimutes. The buffer
was drained and the coverslip was covered with conjugate, and incubated
at 37°C in a humid carbon dioxide incubator for 50 minutes. Thereafter

the coverslip was washed twice in TBS, twice in distilled water, and
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mounted with buffered glycerine (9 parts glycerine and 1 part PBS) on a
microscope slide, The slides were examined with a Leitz Ortholux
Fluorescent microscope with BG38 heat suppression filter and KP4S0 Exciter
filters. Photomicrographs were taken on Kodak high speed Ektachrome film
at ASALOO. Light source was a HBO 200 lamp and the barrier filter

was K510,

Growth of Virus:

Plastic petri dishes were seeded with § x 105 BT cells contained in
2 mls of growth media, After 2h hours, the dishes were washed twice with
PBS and infected with 0.2 ml of 1071 dilution (106PFU/m1} of the virus
preparation described above).- The virus was allowed to adsorB for 1 hour
at 37°C, the dishes were washed twice with PBS, and maintenance media added.
This was post infection time 0. Samples were harvested at O, 2, L, 6, 8,
10, 12, 16, 20, 2L, 30, 36 and L8 hours post infection. Samples were
removed from ineubator and immediately stored at -70°C.

When all samples were harvested, the petri dishes were thawed, and
cells wefe seraped off with rubber policemen, and the samples transferred
to test tubes. The samples were frozen and thawed twice (at -70°C and
room temperature respectively) to release virus., Log Serial dilutions
of samples were made, (all dilutions were made with MEM, and in ice bath)
and the virus titer determined by plaque assay. The virus was plaqued

on MDBK cells grown in 35 x 10 mm petri dishes,

Results:
The results are shown in Table 1 and in figures 1 %o 12 as photo-

micrographs, Figure 13-I is a graph of IBR infectivity titer.



(1) Specificity of Conjugate:
Uninfected control cells and cells infected with parainfluenza
virus or virus of Bovine Virus Diarrhea did not show any characteristic

fluorescence (Fig. 1 and 2).

(2) Appearance and Localization of Specific Fluorescence:

Cells harvested at O hour post infection (p.i), that is after 1
hour of adsorption, showed a diffuse pale fluorescence of the cytoplasm.
This fluorescence was presumed due to wirus adsorbed onto the cells.

‘The first specific fluorescence was observed at 2 hour p.i as bright
linear area of fluorescence lining the nuclear membrane, and occasionally
radiating into the cytoplasm (Fig. 3). Between 5 and 9 hours p.i, nuclear
fluorescence was observed. By 5 hours, the nucleus appeared pale greenish
colour, and bright spots of apple green fluorescence appeared in the mucleus
by 6 and 7 hours p.i. In the 8-9 hour samples, infected cells had granular
intranuclear fluorescence, with radiations into the cytoplasm., Between 10
to 12 hours p.i; cyfoplasmic fluorescence increased, and the nuclear area
was still brightly fluorescent, but it was difficult to determine whether
‘the fluorescence was actually in the nucleoplasm or in the overlapping‘
cytoplasm. (Figs. 4-8). Samples harvested between 16 and L8 hours p.i
generally showed bright, often éranular cytoplasmiec fluorescence, with the
nuclear area apparently devoid of fluorescent material, The cells also
showed characteristic cytopathic effects--some were elongated and stallate,
but most were rounded up and gave the appearance of bunches of grapes.
Large fluorescent granules were evident in some nuclear membranes and

in the peripheral area of the cytcplasm,
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(3) Virus growth:
The titer of virus in samples harvested at various times is shown
in Table I and Fig. 13-I. Virus titer began to rise at 12 hours p.i, and

rose rapidly to the last sample,

Discussion

The time of appearance and progress of cytoplasmic antigens
cbserved in this study is in agreement with previous reports (2, 11, 20,
35, 39). However, Bindrich (2) observed early intranuclear fluorescence
which increased as infection progressed; Jasty et al. (20) reported intra-
nuclear fluorescence that persisted up to 20 hours post infection but
other workers (11, 35, 39) did not observe intranuclear fluorescence at any
time. Workers with other members of the herpes group have also observed
intranuclear fluorescence in infected cells (22, 31, 33). Electron
microscopy studies of IBR-virus infected cells (11, 18, 19, 37) as well-as
herpes simplex infected cell systems (25, 3L) have demonstrated viral
nucleocapsids inside the nuclsus and that the nucleocapsids are assembled in
the nucleus and acguire envelopes from the nuclear membranes of infected
cells., It appears then that viral antigens must exist in the nucleus.
This makes explanation of the contradictory reports on intracellular
localization of IBR virus antigens more difficult.

Roane and Roizman {31) suggested that the immunologic specificity
of antibodies used in the immunofluorescence studies may be responsible
for the observed differsnces. Antisera made against intact virions may
contain antibodies against the outer covering of'the virus (i. e. envelope),
and very little of antibodies against core nucleocapsids such as found

in the nucleus., Roane and Roizman (31, 33) easily demonstrated intranuclear
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fluorescence with antisera prepared against 72 hour infected cell stroma
rendered free of infectious undenatured virus, but not with antiserum
against whole virus, It has also been suggested that viral antigens may
change antigenic specificity in moving from cytoplasm to nucleus (and
vice versa) (33).

Another explanation that has been offered (39) is that the intra-
muclear inclusions observed in IBR-Virus infected cells are not rich enough
in virus or viral antigens to be detected by immunofluorescence. It was
suggested that rapid viral multiplication may result irn insufficient
accurmlation of viral antigens in the nucleus. Lebrun (22) showed that
intranuclear antigenic material which is first to appear, gradually decrease
until it disappears from the nucleus, while increasing in the cytoplasm.
Cells at this stage show typical type A intranuclear inclusions, this
inclusion therefore contains little or no virus, represent an "intrvamuclear
scar,"

Environmental and culture conditions, strain and dose of virus and
cell system used may also influence the producticn and/or staining of viral

antigens.

CONCLUSION

The sequential developmont cf IBR-virus in bovine turbinate cells
was studied by immunofluorcscence., Specific fluorescence was first
observed at 2 hour post-infecfion, at the perinuclear area. UNuclear
fluorescence was observed to first inerease and then diminish bhetween 6
and 12 hours post infection., Cytoplasmic fluorescence was brightest
between 16 and 24 hours after infection. Infective virus increased

rapidly between 12th and 48 hours post infection.







































































































































































































































































































































