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IN-VITRO CELL-VIRUS INTERACTIONS ASSOCIATED WITH BOVINE HERPESVIRUS-I AND
THE PERIPHERAL BOVINE BLOOD CELLULAR COVPONENTS

Bovine herpesvirus-1 [(BHV-I); 103) commonly known as the infectious
bovine rhinotracheitis (IBR) virus, is a unique disease producing agent of
cattle throughout the world. In retrospect it is now realized that for
many years this virus caused a genital disease of cattle known as coital
vesicular exanthema or colloquially as "Blaschenausschlag" in central
Europe (110). Subsequently the virus was isolated in North America from
cattle affected with a respiratory tract syndrome which became known as
infectious bovine rhinotracheitis (IBR) and eventually shown to be asso-
ciated etiologically with a diversity of clinical disease syndromes in
cattle (64). These include rhinotracheitis (55)» conjunctivitis (1), *
meningoencephalitis (7t 32), vaginitis (65, 68) and abortion (66). In some
instances, the virus has been associated with keratoconjunctivitis in
cattle (45) whereas in others it has been isolated from cattle with in-
fectious infertility in South Africa (61). Evidence from experimental
infection of calves also implicates the virus as the cause of an enteric
disease syndrome (6, 16, 35* 36).

The diverse nature of the infections caused by this virus indicates
that it adapts rapidly to a wide range of host tissues. This also implies
that the virus enters the body through several independent routes and is
subsequently distributed in the body byo% number of means.

Early studies showed that respiratory syndrome was contracted through
droplet infection. Conjunctivitis has been reproduced experimentally by
direct instillation of viral culture into the palpebral sac and by nasal
exposure. However, the natural infection is thought to arise folieHing the

*
invasion of the conjunctival tissues via the lacrimal ducts.



On the other hand, the genital syndromes known as infectious pultular
vulvovaginitis (IPV), and infectious balanoposthitis (IPB) have been
reproduced experimentally by applying the virus to the vaginal or penile
mucosa (96). Natural transmission is by venereal means.

The enteric infection by BHV-1 probably results from the ingesting of
virus-laden secretions from the nasal passages during the acute phase of
the respiratory infection. However, the manner in which the virus reaches
the placental tissues or the brain, subsequent to vaccination or to an
acute attack of IBR was unclear. It was obvious that it had to pass through
the blood stream in order to reach these target organs. However, repeated
failures to recover virus from whole blood was puzzling. Subsequently,
however, it was isolated fairly consistently from the buffy coat cells of
cattle exposed to the virus via the nasal route, and from the fetuses
aborted by these animals (66, 67). Similar observations had been made in
cases of herpesviral encephalitis in calves in Australia (32). Thus, an
association between Bovine herpesvirus-1 and the white blood cells
components of the blood was established.

The nature of this association was the subject of considerable
speculation. In view of the fact that a low serum antibody titer to the
virus prevented its passage through the blood stream suggested that the
virus was located at a site, or sites, where it cane into direct contact
with specific antibody. The most logical site, therefore, would be the cell
surfaces. Another possibility was that the virus underwent replication in
the blood stream but in so few cells that its concentration never reached
the threshold level required for its isolation. It is also possible that

the rate of viral replication in the blood cells is very low, accompanied

by a minimal viral release.



The object of the present study was to determine the validity, or lack
of same, of the hyootheses advanced. Since this study was an in vitro
model, its scope was restricted to a determination of 1) the types of
white blood cells involved and 21 the interactions between these cells and
the virus. Although of an in vitro nature, it was felt trat it would serve
as a reasonable correlate of the in vivo cell - virus interactions in the
animal body.

Initial studies were dene to determine whether cells in whole blood
could adsorb and sunoort the replication of BH7-1. Later, the cells that
could adsorb the virus and act as its host cells were identified. In order
to do this, pure oreparations of the various cellular components of whole
Mood were obtained. Such fractionation of the blood was possible
utilizing the variations in size, density and the biological behavior of
the cellular elements as a basis for their physical separation.

Normally, the rates of sedimentation of these cells in a gravitational
fidld would be more related to size tha n to cellular density. However, by
bringing the density of the suspending medium close to that of the cells to
be separated, the sedimentation rates relate more to the cellular densities.
Such a density was provided by a Ficoll-Hypaque gradient to be described
below.

When diluted bovine blood was centrifuged over this gradient, a dis-
tinct band of mononuclear cells was obtained. The granulocytes sedimented
together with the red cells and were recovered later from these sediments.
The lymphocytes were t“en recovered from the mononuclear cell band.

The manner in which the pure cell suspensions were obtained is

described below.



I1. MATERIALS AND METHODS

A. MISCELLANEQUS ITEMS
(i) Media:

Saline-A and Trypsin-Versene are described below in the relevant
appropriate sections. Eagles Minimum Essential Medium (MEM) was used as
the basal medium throughout. A growth medium consisted of H&M plus anti-
biotics and a high fetal calf serum (FCS) supplement; while maintenance
medium contained less concentration of FCS.

(ii) Indicator cell cultures:

The cell cultures used for the virus assay were secondary monolayer
cultures of BEL cells. They were used routinely at the 2nd to the 8th
passage levels in microtiter plates (hT).*a Cell suspensions to be used in
the MI' plates were prepared from the secondary monolayer cultures grown in
16-0z. glass bottles as follows: The spent medium was removed and collected
in 40 ml centrifuge tubes. The cell monolayers were rinsed twice with
saline-A (Sal-A)*b and overlaid with enough prewarmed (37°C) Sal-A trypsin-
versene (Sal-A-T-V)*c to cover the monolayers. The Sal-T-V was decanted
and the bottles held for 5 to 10 minutes in an air incubator. The bottles
were removed from the incubator and three mis of Sal-A added to each in
order to resuspend the detached cells. All cell suspensions were pooled
and mixed with an equal volume of homologous spent medium. They were cen-

trifuged at 200xg for 10 minutes. The pelleted cells were resuspended at
%

#a Linbro Chemical Co., New Haven, Conn, or Cooke Engineering, Alexandria,
Virginia.

*pb Consisting of 8.0 grams NaCl, 0.~ gms KC1, 1.0 gm glucose, 0.35.
NaHCOj per ml; 250 1.U. penicillin and 250 ng streptomycin per ml.

*c Saline A + Trypsin (0.05%) + Versene (Disodium Ethylenedinitrinotetrace-
tate 0.02%). Trypsin and versen were obtained from General Biochemi-
cals and J. T. Baker Co., Phillipsburg, N. J., respectively.



a concentration of 200,000 cells per ml in freshly prepared growth
medium** and dispensed in 0.05 ml amounts per HT plate well. The M plates
were sealed and incubated in an atmosphere of 5% carbon dioxide (CO2, v/v).
Cells were ready for use within 24 to 48 hours. They were rinsed once
with Sal-A before use.

(iii) Stock virus cultures:

The virus used in the present study was the Los Angeles strain
(IBR-LA) of BHV-1, previously isolated in this laboratory. It was obtained
at the second passage in bovine embryo kidney (BEK) cells and plaque puri-
fied three times. A single plaque was picked from the final plaquing and
further passed five times to increase the titer. The stock virus was
tested for mycoplasma contamination and against standard IBR-LA antiserum.
It was shown to be free of mycoplasm and to be completely neutralized by <
IBR-LA antiserum. The stock virus was stored at -80 C in 2 ml volumes/vial,
(iv) Virus Assay in Microtiter Flatesi

All viral titrations were carried out in an identical manner in MI
plates. One general description will suffice to cover the manner in which
the viral content of the stock virus and the samples from the adsorption
and growth curve studies were assayed. To titrate stock virus, serial
10 fold dilutions were nmade in Dulbecco's phosphate buffer (DPB). Samples
from the adsorption and growth curve studies were carried out in the same
buffer. Starting with a dilution of 1:10, samples were serially diluted
in two-fold steps to the desired endpoint, depending on the experiment and

0,
the technical limitations of the microtiter/oequipment, Ahe end points were
either 1:1280 or 1:20480 depending on whether the plates were used width-

or length-wi6e.

#d Eagle's Minimum Essential Medium (MEM), fortified with 10# (v/v) FCS,
and 100 1.V. Penicillin and 100 ng streptomycin per ml.



Whenever samples from whole blood or plasma were to be diluted,
calcium-ragnesium free DFB was used as diluent to avoid clotting of the
plasma proteins which would hinder the free diffusion of virus during the
titrations.

If the samples were considered to contain virus in excess of four
logarithmic (log) units per ml, an initial dilution of 1:10 was made,
followed by a second of 1:640 and further two-fold serial dilutions to the
desired endpoint. All dilutions were made in 13 x 100 mmdisposable
culture tubes*2 and later transferred to the MI plates.

(v) Delivering Diluted Virus onto Kicrotiter Cultures:

Disposable plastic microdropper pipettes calibrated to deliver accu-
rately 0.025 ml volumes per drop were used to transfer viral cultures fron
the dilution tubes to the MI plates. A fresh pipette was used for each
sample. Starting with the highest dilution, a drop of each sample was
transferred to each of five wells, “he lowest dilution of virus was deli-
vered last. Sufficient control cell cultures were included for each set of
4 MI plates. Microplates containing the diluted viral suspensions were
covered with loose fitting plastic lids, and held for four hours at 37 C in
a humidified incubator containl g C02. At this time the MI plates
were removed from the incubator and 0.05 ml of maintenance medium containing
5|> FCS was added to each well. The MI plates were then sealed with plastic
sealing tape,*6 and returned to the incubator. After 48 to 72 hours, the
Ml plates were checked for cytopathic effect (CPE).

Virus content was calculated by the method of Spearman-Kaerber (46) and

expressed as median tissue culture infectious doses (TCID"q) per 0.025 ml.

*e Kimble, Division of Owens-lllinois
#f National Appliances Co., Portland, Oregon, Model 3221, Serial 6J65

g 3M Company, St. Paul, Minnesota 5510l



*h
Titers were converted to TCT)” per ml by adding 1.6 to the log TC'D"

per 0.02” r.l. Titers per tube or per flask were computed by multiplying
the titer per ml by the volume before sampling for the corresponding
samples in each experiment.
B. SEPARATION OF CELLULAR ELEMENTS 0* BOVINS BLOOD AND THEIR MAINTENANCE
™ CELL CULTURE
Part of the apparatus used is shown in figure (2), while the separatio
procedure is summarized in figure 7~1). The detailed procedure is as
follows:
Bovine blood was drawn by venipuncture into 10 ml vacutainer tubes
containing tripotassium eth”lenediaminetetraacetate (EDTA); 1.5 nt? per
m of blood, ar® taken to the laboratory within 30 minutes of collection.

The blood from each of four tubes was immediately dispensed into a 125 ml

serum bcttle and diluted 1*3 by adding approximately 80 ml of calcium-mag-
nesium-free DPB to each bottle. The diluted blood (13.5 ml/tube) was

layered carefully over the Ficoll-Hypaque gradient solution (8.0 mI/tube).#i
A distinct interface was formed between the blood arvi the gradient solution.
However, in order to facilitate the smooth delivery of the diluted blood
onto the gradient surface without disturbing the interface, the walls of
each tube had been coated with a thin layer of the gradient solution. A
small amount of blood was then run gently down the moist tube walls in a
smooth broad band, reaching the gradient surface as a broad fluid front.

The rest of the blood was added until each tube was filled to the shoulders

*h : Explained in the appendix.
*j The gradient solution was made by mixing 5mis of 9t Ficoll with 3 mis
of 3# (v/v) Hypaque imnediately before use. The solutions had been
sterilised by membrane filtration (Millipore Corporation, Bedford,
Massachusetts 01730; #0.22 nu ft Ficoll: Pharmacia Fine Chemicals, Tnc.,

,99 Oentenial Avenue, Piscataway, N.J.; Hypaque: Winthrop Laboratories,
160 Scott Drive, Menlo Park, California 91*025.



The blood was centrifuged at 100 x g for 20 minutes. The plasma
fraction (layer |I) was aspirated to a point 5 nn above the distinct white
band of mononuclear (KN) cells (layer 2) which had formed at the original
blood-gradic-nt interface. The MK-rich fraction was aspirated to a point
just 2 mm below the interface and the polymorphonuclear (PMN) cell-rich
fraction (layer 3) was then aspirated, leaving the erythrocyte-FMN fraction
in each tube. The PWN cells in the sediment (layer 4) were recovered by
lysing the erythrocytes with distilled water, followed by reconstitution to
tonicity with phosphate buffered saline. The resultant PMN cell suspen-
sions were added to those of layer 3' The MN and the AW cells from layer
3 were freed of contaminating red cells in the same manner. One-tenth ml
fractions of each leukocyte preparation was then mixed with 0.9 ml of
0.03% trypan blue vital stain and examined in the Improved Neutauer hema-
cytometer*™ for viability and cell concentration enumerations.

Ti obtain glass-adherent and non-adherent MN cells, the MN cell pre-
parations were washed twice in DPB and resuspended in growth medium,
fortifi 1with 20% FCS and antibiotics (penicillin 100 1.U., streptomycin
100 ng nd 75 meg gentamicin). The cells were passed through a series of
transfers in 16-0z. glass bottles, and incubated for 3 hours before each
transfer. The cells that remained in suspension were centrifuged at 150 x g
for 15 minutes. The cell pellets were resuspended at appropriate concen-
trations for the different assays. Adherent $ells were recovered from the

0
glass bottles by elution, using several changes of buffered trypsin-versene
(0.25% trypsin and 0.02% versene). The adherent cell suspensions were

washed once before reculturing at appropriate concentrations for the

different experiments.

r- - %

#j Bright Line, Hemocytometer, American Optical Company, Scientific In-
strument Division. Buffalo, N. Y. 17215. *



For the recovery of erythrocytes, the sediments (layer 4) from
several tubes were pooled, diluted 1»3 and recentrifuged at 1200 x g for
20 minutes. Any leukocytes which collected at the fluid-red blood cell
(RBC) interface were removed and discarded. The red cells were obtained
by introducing the tip of a pipette to the bottom of the red cell sediment
and aspirating a substantial volume of the latter. These cells were washed
twice and resuspended to the appropriate concentrations for different
assays.

To obtain a preparation of unfractionated leukocytes, whole bovine
blood in an anticoagulant was centrifuged at 1200 x g for 15 minutes. The
plasma was withdrawn to a point approximately 10 nmabove the surface of the
white band of leukocytes and discarded. The leukocytic fraction was as-
pirated, together with approximately a 20-25 nmmlayer of the RBC sediment
and pooled in a centrifuge tube. The RBC cells were lysed with distilled
deionized water followed by reconstitution to tonicity within 30 seconds.

The lysates were centrifuged at 150 x g for 15 minutes. The resultant
cells were washed twice in calcium-magnesium free DPB, and tested for
viability by trypan blue staining. The cell suspensions were concentrated
or diluted in Eagle's MBM fortified with 20" by volume of FCS and anti-
biotics.

C. ADSORPTION OF BOVINE HERPESVIRUS-1 BY CELLULAR ELEMENTS OF BOVINE BLOOD
(i) Adsorption by cells In whole blood:

To determine whether bovine herpesvirus-1 would be adsorbed by cells
in whole bovine blood, 90 ml of such blood and 90 ml of freshly obtained
normal bovine plasma were divided into six portions, each containing 13*5
ml; the remaining blood and plasma were discarded. Each portion was placed
in a screw-capped tube (20 x 125 mm PyrexJd and held at 4 C. Stock virus

culture was diluted in DPB so as to provide 10NV 7® and 10™® median
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tissue culture infectious doses (TCIDcq), per ml of diluent. One and a
half ml of each viral preparation were mixed with 13.5 =1 of either the
blocd or the plasma portions contained in each of any of the three tubes
randomly chosen fron the stock pool of tubes as described above. -Thus,

the virus culture was diluted ten-fold resulting in two dose levels,

namely the high (10NM2® TCIDcg per ml) and the low (10™M?® TCIDcq per ml).
All tubes were incubated at 4 C. Two ml samples were withdrawn from each
tube at 1, 6, 12, 18 and 24 hours. At each sampling, the tube contents were
thoroughly mixed prior to obtaining the sample. Supernatant fractions were
obtained after centrifuging the samples at 150 xg for 15 minutes. They
were stored at -80 C. When sampling was completed, the samples were
assayed for viral content as described above. Bovine plasma was used in
this experiment and in the subsequent adsorption experiments as a control
for nonspecific viral inactivation.

(i1) Adsorption by Separated Blood Cells:

(a) Leukocytes and Red Blood Cells;

In order to determine the cells in whole blood which adsorb the virus,
the blood was initially fractionated into the leukocytic and red cell com
ponents. Platelets were not tested for adsorption capacity. Later the
leukocytes wore separated into their respective cellular components. A
suspension of leukocytes containing 2.0 x 10® cells per nil and of red cells
containing 8.0 x 10" cells per ml were prepar&d. Each cell type was dis-
tributed into a series of 6 tubes, each containing 13*5 ml of either cell
type. Each series was divided into 2 groups of three tubes each. Onre and
one half m of viral culture containing 10®*?® per ml was added to threo

of the tubes in each series, and the same volume of virus containing 105'7

*
TCIDcg per ml was added to the remaining 3 tubes of each series. A two ml
%
sample was withdrawn fron each tube at the same time intervals as for whole
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blood. Samples were centrifuged at 150x g for 15 minutes and fractions
from the corresponding supernatants were removed and stored at -80 C.
They were subsequently tested for viral content as described above.

(b) Mononuclear Cells;

A suspension of MJ cells containing 9.72 x 10" cells per ml was dis-
tributed into 6 tubes, each containing 13.5 ml. The tubes were divided
into two groups of three tubes each. To each tube in the one group, 1.5 ™M
of a BHV-1 culture containing 106,70 TCID™q was added. The remaining cell
suspensions each received 1.5 ml of the viral culture. AIll tubes were
incubated at C and 2 ml samples were withdrawn from each tube. After
centrifugation, supernatants were recovered for viral content assay as
described above.

(c) Nonadherent Mononuclear Cells:

These cells were tested for adsorption capacity in the same manner as
described above for the total mononuclear cell component.

(d) Polymorphonuclear Cells:

These cells were tested for viral adsorption indirectly by electron
microscopic examination for evidence of viral uptake and replication. Since
adsorption is known to be a necessary prelude to the infection of any cell
by any virus, it was assumed that evidence of viral replication e.g. viral
particles in the nuclei of cells, would indicate previous adsorption of the
virus to such cells.

D. REPLICATION OF BOVINE HERPESVIRUS-1 IN* WHOLE BOVINE BLOOD AND ITS
CELLUIAR COMPONENTS
(i) Whole Blood:

The cellular elements in whole blood were subsequently tested for their

capacity to act as hoot cells for‘the replication of BHV-1 a3 follows:

Twenty-three and four tenth mis of bovine blood and the same Yolurae



of fresh bovine plasma each was mixed with 2.6 ml of virus culture con-
taining 1077~ TCTD<O per ml. Three such preparations were made for the
blood and also for the plasr-a control. ~he materials were placed in screw
cap centrifuge tubes (20x12’\%_ zii:ndviqcubated at b C for 2b hours with
occasional agitation at 3 hour intervals.

After thoroughly mixing the contents of the tubes two ml samples were
withdrawn from each at the 2bth hour, all samples were then centrifuged.
The suoernatant tractions contained unadsorbed virus. Such fractions were
recovered and stored at -80 C . The tube contents were then remixed . All
the tubes were immediately tra.nsfered to a waterbath h”ld at 37 C and in-
cubated for an additional 36 hours with occasional agitation.

Two ml samoles were withdrawn at 3-hcur intervals by gently centri-
fuging (1?70xg for 1$ minutes) all the tubes and recovering 2.0 ml from
the supernatants of each tube. The sediments were resuspended by flicking
the bottom of each tube with a finger. The samples were stored at -80 C
until sampling was completed, following which the virus content of each
sample was determined by assay in BEL cell cultures in MI plate wells.
(ii) Red Blood Cells:

These cells were not tested for the capacity to serve as host cells
for the virus.

(iii) Leukocytes:

The mononuclear cells were fractionated into glass adherent cells
(possible progenitors of macrophages) and nonadherent cells. The latter
cell population was taken as the equivalent of the lymphocytic component
of whole blood, and separately tested for the capacity to support viral
replication. Polymorphonuclear cells were examined in thin section

microscopy only.
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(a) Glass adherent mononuclear cells (AD-KNC) and bovine embryonic

cells;

Identical cultures of adherent mononuclear cells (AD-KNC) and bovine
embryonic lung cells (BEL) were used in this study in order to compare the
virus growth supporting capacity of each cell type. This derives directly
from the fact that both cell types are found in the lower respiratory
passages and would be expected to encounter the virus during a part of the
disease pathogenesis.

Briefly, five culture flasks (2*+ o) were seeded with 9.5 x 10®
AD-MNC per flask and 8.5 x 10" BEL cells per flask. The cells had been
suspended in Eagles MEM, containing 20% FCS and antibiotics for AD-MNC,
and 50 FCS for the BEL cells. The cells were allowed to attach to the t
glass by incubating the flasks at 37 C for 8 hours in an air incubator
containing 5% carbon dioxide (CO2) by volume. At this time all flasks were
examined over an inverted microscope. All the cells in the BEL flasks
had attached, but some cells in the AD-MNC flask had not. These cells were
recovered by centrifuging the overlying fluid in each flask, and counting
the cells in the resuspended sediments. Approximately 10% of the cells,
on the average, failed to attach; thus each flask contained about 8.5 x
107 cells of AD-MNC, a number equivalent to that of the BEL cell cultures.

‘*Tlre fluid overlying the BEL cultures and that remaining on the AD-MNC
cultures was decanted and the cell monolayers rinsed twice. The AD-MNC and
the BEL cultures in each of three flasks per cell type were subsequently
infected with BHV-1 at input multiplicities of 50»1 and 10:1, respectively.
The monolayers in the remaining two flasks per cell type were overlaid with

an equivalent volume of Lagle's MBM They were used as cell controls.

«k American Optical Corporation, Buffalo, N. Y. 17215* Model 1810, Serial
139.
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All flasks were held at k C for four hours after which the inoculums
were decanted and the cells rinsed twice. The last washings from each cell
type were pooled and a 10 ml volume sample was transferred to a flask
correspondingly labeled with the cell type. AIll cells were subsequently
overlaid with 10 ml of maintenance medium consisting of Eagle's VBV
fortified with 20 inactivated FCS (56 C for 30 mins.) and antibiotics.
Eight-tenth ml samples were withdrawn immediately from each flask including
those that contained infécted control. All flasks were transferred to the
incubator for the remainder of the determinations. Samples were withdrawn
at 3 hour intervals through 36 hours and held at -80 C until all were
collected.

Samples were tested for viral content by assaying for virus as de-
scribed above.

(b) Non-adherent Mononuclear Cells (NA-MHC) :

A suspension of NA-NMC containing ~.6 x 106 cells per ml of growth
mediun™* was distributed in 5 ml amounts into each of three tubes. Tho
cells were incubated at 37 C for 18 hours. A 1.0 ml dose of BHV-1 culture
containing 108’8 TCIDco was added to each tube to provide an input multi-
plicity per cell of about 50. The final volume in each tube was 6.0 ml.

All tubes were incubated at ~ C for 6 hours. At this time the cells
were sedimented by centrifugation at 150 x g for 15 minutes. One ml ali-
quots from the supernatants of each tube Weg/s recovered and stored for

assay of residual virus.

*1 Eagle's HEM, fortified with 50% (v/v) of FCS, 100 I1.U. penicillin; 100
ng streptomycin, and 75 ng gentiraycin per ml, and 0.25 ml diluted
phytohemagglutinin (PHA) Difco j>HA-M (Gland Island Biological Company,
519 Aldo Avenue, Santa Clara, California 95050).
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The cell sediments were rinsed twice. In each washing, fractions of
the supernatant from all the tubes were pooled into one sample.

Finally, cells in each tube were resuspended in 1™ ml of the same
medium as used above, supplemented with 15% FCS and antibiotics. The cells
were again sedimented and *+0 ml samples from each tube withdrawn and
pooled into a fourth tube for use as an inactivation control. Seven-tenth
ml fractions were recovered from the supernatants in each tube at time
zero. All tubes were then transferred to a waterbath maintained at 37 C.
Similar samples were obtained at 12 hour intervals through a total of 1~
hours. The 132nd hour sample was lost.

Titrations for viral content were done as for previous determinations,

(c) Polymorphonuclear Cells:

These cells were examined by electron microscopy only.

E. MORPHOGENESIS OF BOVINE HERPESVIRUS-I

The next series of experiments was performed to determine whether the
morphogenesis of the virus in the blood cells is the same as that which
occurs in indicator BEL cells routinely used for propagating the virus for
diagnostic and other purpose and also to supplement the growth curve
studies.

(1) Adherent Mononuclear Cells (AD-MNC) and Bovine Embryonic Lung (BEL)

Cells*

Eight identical cultures of 2nd to 7th po/assage secondary cultures of
0
BEL and freshly prepared glass-adherent mononuclear cells were grown in
16-0z. glass prescription bottles. Aie spent medium in corresponding
bottles was decanted and cell cultures were rinsed twice with DPB. Ore and
one half ml of virus culture containing 10™78 TCID™q per ml were added to

each bottle giving an input multiplicity of 100*1. The bottles were

incubated at 4 C for hours to allow adsorption to occur. Thereafter
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the virus inoculum in each bottle was decanted and the cell monolayers
rinsed twice with DPB. The cells were then overlaid with 15 ml of main-
tenance medium consisting of Eagle's MBM supplemented with antibiotics and
5# and 20/o0 FCS, respectively, for BEL and glass-adherent mononuclear cells.
The bottles were transferred to a 37 C incubator. One bottle from each
cell type was obtained at 0, 4, 6, 8, 10, 14, 18. 20 and 36 hours, and
processed for electron microscopy (EM) as follows!

The overlying fluid was decanted and the cell monolayer rinsed twice
in DFB. five ml of 2% glutaraldehyde in Millonig’s buffer was added to
each bottle and the monolayers were held for 3 hours at 4 C for fixation to
occur (cells could have been kept as long as possible in glutaraldehyde
without ill-effects). Glutaraldehyde was decanted and the monolayers
rinsed twice. The cells were pelleted and fixed in 1# osmium tetroxide
(OS Qff) for 1 hour. Subsequently they were rinsed three times in Ringer's
solution, 3 minutes per rinse, and afterwards stained in 0.5 uranyl
acetate for 90 minutes. The cells were then rapidly dehydrated through
10-ninute changes of increasing strengths (50#, 70#, 95#) of ethyl alcohol,
followed by three 20 minute rises in 100# ethanol and two 15 minute rinses
in propylene oxide.

The dehydrated specimens were infiltrated in 2:1, 1«1 and 1:2 series
of a mixture of propylene oxide: Luft's Epon 812 (3*2, A:B ) plus acce-

lerator DHP-30*" 1# (55). 60 minutes each. The cells were then embedded

«m Resin Mixture Epon 812 DDSA NVA DMP-30
A 66 mi 100 mi - 1# added
B 100 m 84 ml just before use

*n Abbreviations are:
DLSA: Dodecyl succinic anhydride
NMA:  Nadic methyl anhydride
DMP-30: 2, 4, 6-tri. (dimethyl amino methyl)-phenol
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in 100;» Luft's Epon 812 plus 1# DMP-30 accelerator and polymerized at 50 C
for 48 to 72 hours. Thin sections were cut with Porter-31um (Kcdel Mr'Z),
or Richert (Model 0O MU-2) ultranicrotones and stained for three minutes in
saturated uranyl acetate in 50 ethanol; washed in Ringer's solution and
post-stained with Reynolds' lead citrate, diluted 1:1 with water Tor 3
minutes (83). The sections were examined and photographed in a Phillip's
EM-200 electron microscope.

(ii) Hon-adherent mononuclear cells:

Morphogenesis was followed in non-adherent cells recovered from fresh
bovine blood and from blood that had been inoculated in vitro with the
virus. Cells from fresh blood were prepared as outlined in the general cell
separation method and were subsequently infected at an input multiplicity
of 50:1. The cells were then incubated for 4 hours at 4 C and afterwards
transferred to a water bath maintained at 37 C. Samples from infected cell
preparations containing 8 x 107*0 cells total were obtained, washed twice
in DPB and fixed in an excess of 2% glutaraldehyde by resuspending the cell
pellets in the fixative. 'The rest of the procedure from this point onward
is identical to that described for BEL and adherent mononuclear cells.

When infected blood was used as the source of cells, the latter were frac-
tionated on the FicolL-Hypaque gradient as for the general cell separation
procedure. Cell prepirations were then serially adsorbed on glass and the
non-adherent fractions were collected and processed for microscopy.

(iii) Polymorphonuclear Cells:

A similar approach as for the nonadherent mononuclear cells was
followed for PUN cells, i.e. moi'phogenetic studies were done with isolated
PHI cells as well as those recovered from infected blood. However, a third
method wa3 used in order to obtain infected PVH cells. Attempts were made

to simulate conditions in an infected nasal passage into which PVH cells
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might migrate in the course of a disease condition.

Briefly, monolayer cultures of BEL cells at the 2nd to 7th passage
level were infected at an input multiplicity of 20tl. The cultures were
incubated for 90 minutes at 4 C and subsequently transferred to a 37 C
incubator after decanting the inoculum, rinsing the monolayer cells twice
and adding fresh maintenance medium. The infected cells were then over-
laid with a heavy suspension of HWN cells (8.6 x 10" cells per ml) and
allowed to incubate further. The monolayers were closely examined every
90 minutes for cytopathologic changes (CPm). The F'U cells were recovered
before full CPE occurred, or at the three time intervals of 9. 12 and 15
hours, whichever occurred first.

Cell preparations were then processed for microscopy as previously

described.
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ITT RESULTS

A. CELL SEPARATION AND MAINTENANCE IN CULTURE:

The second layer in the separation tubes contained MN cells which
were invariably more than 96S pure (500 cells examined); PWN cells were
very few in number (I-27»)» |If RBC contamination occurred, it was usually
less than 15 RBC per 100 leukocytes examined; the RBC were removed by lysis
with deionized distilled water. Preparations of PWN cells were more than
9>N pure; the usual contaminants were the MN cells, since the RBC were
routinely removed during the preparation of the PWN cells. The monocytic
cells adhered to glass very rapidly; the attachment regularly occurred
within 1-3 hours’ incubation at 37 C. The adherent cells were maintained
in culture for periods varying from 5 - 28 days. Following attachment to e
glass, cells exhibited a spherical conformation. Their nuclei were barely
discernible. Within 24 hours, the cytoplasm started separating into 2-3
slender processes which terminated in clubbed ends, or it spread around
the nucleus in a single uniform mass. Thus, while some cells resembled
fibroblasts in shape, ovoid and stellate figures were not uncommon. Ad-
herent cells were ready to be infected with the virus within j> days or
more. When cells were kept for too long in culture, they shed protoplasmic
processes and their nuclei became granular. The dead and dying cells soon
detached from the glass.

In the non-adherent cells, PHA was required for continued viability in
cultures maintained for more than 4 days. Hence, any time nonadherent cells
were not used immediately following isolation, they were kept frozen

(at -80 C) suspended in a mixture consisting of 15% oveo 0 and 15% Fcs

#0 Dimethyl sulfoxide, Mallinkrodt Chemical Works, St. Louis, Hiss. 63147.
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(V/V in Eagles KEM) at 5 x 10? cells per ml concentration. Frozen cells
were rapidly thawed and washed once before use. More than 85a>o0f the cells
were viable after 3 weeks' storage.

B. ADSORPHON; WHOLE BLOOD AND SEPARATED CELLS:

In whole blood and separated cell components more virus was adsorbed
from the smaller of the two viral inoculums. Figure (3) shows the percent
adsorption in the various test preparations. It is apparent that no ad-
sorption occurred in whole blood after one hour of incubation. However,
adsorption could be detected in subsequent time intervals reaching a
maeximum level at 18 hours. Afterwards there was a gradual decline in viral
adsorption. The percent adsorption in the leukocytic fx-action was about
30" of meximum after 1 hour of incubation with a subsequent peak at 27
hours. The unfractionated leukocyte preparations possessed the highest
capacity to adsorb the virus for all the cell preparations tested. The KN
cells showed an appreciable adsorpticn activity at 1 and 6 hours, followed
by a slight drop and then a subsequent rise. The rates in the RBC com
ponent were one half to one third as much or smaller as compared to the
corresponding values for the KN cell fractions. The RBC s adsorbed no
virus within the first hour of incubation. However, some adsorption had
occurred within 6 hours after which there was an apparent elution at 12
hours followed by a reduced rate of viral adsorption. It seemed as though
some virus also eluted from the MN cells at the 12th hour.

C. REPLICATION:
(i) Growth in whole blood:

Data from the adsorption experiments showed that EHV-1 was adsorbed by
cellular elements in whole blood and that the various cellular components

adsorbed unequal varying quantities of the virus. This also indicated that

the cells adsorbed the virus at correspondingly different rates. Subsequent
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experiments were done to determine whether the virus would replicate in
whole blood or in the various isolated cellular components. Figure (4)
shows that the virus eclipses within 3 hours, followed shortly by an
exponential growth phase. the virus titer reached a peak of 1 x 10~ TCIDq
per tube at approximately 15 hours, with a subsequent decline. Freshly
prepared bovine plasma, inoculated with an identical viral dose as that
inoculated into the blood had been set up as the non-specific viral inac-
tivation. Figure (4) shows that the virus titer in the control plasma
tubes gradually decreased over time. Within the first 9 hours, while the
titer in whole blood was steadily increasing, that in the plasma control
was at a higher gradually decreasing value for each corresponding time
interval. This indicates that viral inactivation was occurring even during
the period of exponential viral replication.

Results from this experiment are adequate evidence that BHV-1 readily
multiplied in cells found within whole blood. The next question was,
"In which cell types would viral replication occur within the blood?" Data
from the adsorption studies had shown that the unfractionated leukocytic

components adsorbed the most virus of the cell types tested. It seemed
worthwhile to separate these cells into the various components and test
each for its ability to support replication of BHV-1. Therefore, AW and
MN cell preparations were obtained. The latter were further fractionated
'nto glass-adherent (macrophage equivalents) and non-adherent (lymphocytic
equivalentsv) cells prior to inoculation with the virus.
(ii) Separated cells:

(a) Growth in BEL and Adherent Mononuclear cells:

Figure (5) shows that the maxinum viral titer attained at 12 hours not
only indicated the end of an exponential growth phase in the adherent M\

cells, but also the start of a similar decline in viral titer. After ZF
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hours there was little detectable virus in these preparations. The re-

: ) ) ) . g . : i
duction in viral titer in samples o from the later incubation periods

could be attributed tc heat ina% : aﬁ’ yrand to the reduction in the number
of viable cells that were actively producing infectious virus. However,

it could also be postulated that the bell-shaped curve is peculiar to a
mononuclear cell system in comparison to other cell systems, fo test the
validity of this proposal, an identical dose of the virus was inoculated
into several » hour-old cultures of BEL cells containing the same cell
concentration per flask as for the adherent MM cells used in the preceding
experiments. A similar sampling procedure was followed. The data (fig. 5)
indicated that for the fist 6 hours there was very little infectious virus
released by the BEL cells. However, there was a rapid release of infectious
virus shortly thereafter, starting at the 9th hour and continuing through
the peak period at the 18th hour.

In general, there were two notable differences between these cell
types: 1. that viral replication in the adherent cells was rapid, with a
peak being 2 log units below that of BEL cells. The virus eclipse period
was rather indistinct in the adherent cells. 2. Conversely that there was a
6-hour eclipse period in the BEL cells followed by maturation and release,
phenomena which were much clearer in the BEL than in the adherent MN cells.

(b) Nonadherent Mi cells:

The data (fig. 6) shows that these cells can support viral replication
following stimulation with PHA. The peak titer was observed at J6 hours
followed by a gradual decline. If we recall that the.peak titer in the BEL
cells was at 18 hours, that in the non-adherent cells might seem delayed.
The apjarent delay could indicate that although the viral inoculum was
sufficient to infect all the cell§,‘yet, these cells were asynchronously

] ;=
infected. It might also nme& that the growth curve represented multiple v
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replication cycles. In any case, the nenadherent KN cells yielded the

least viral titers cf all cell types t .'Ied. However, since the BEL cells
were grown as monolayers whiie ]Itmlrr 6cytic cells were maintained in
stationary suspension cell cultulres, it is advisable to be cautious when
making these comparisons.

In another experiment, infected nonadherent Kfl cells were maintained
in MT plates and examined periodically over an inverted microscope. There
were no significant morphologic differences between infected and non-infec-
ted cells during the first 5 hours. However, at about 6 hours post infec-
tion, the infected cells began to lose the original characteristic lusture
of healthy cells. At first the cell membranes were smooth, and each cell
was rounded; at the 6th hour, the cell membranes were irregular, distorting
the cell into bizarre shapes. Within 9 hours of incubation many of the
cells had aggregated into clumps of 3 to 4 or more cells, although some
remained single. Cell populations examined *8 hours after infection were
found to contain some ballooning and degenerating cells while extensive
fusion of cells had occurred. Electron micrographs of infected cells taken
at the identical time intervals as above showed that from 14 to 20 hours,
the nucleoplasm of sone of the cells had undergone marked reduction in
electron density, with concomitant condensation and margination 6f nuclear
chromatin. The nuclei of other cells had undergone complete disintegration.
Surprisingly, one could see a large number of uninfected cells together

0,
with infected ones. The former exhibite__(tj cor/ro1pletely normal structural
g it
detail (fig. 22). It is clear from thejse data that not all cells became
infected, and that probably most of the infected cells did not release much
virus.

(c) Polymorihonuclcar cells;

When these cells were tested for the capacity to support viral
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replication , no increase in viral titer was noted. However, electron
micrograo'ns of th™n sections of AVN cell preparations were examined and the
results are reported below.

D. YORPHOGENESTS:

(i) BEL cells;

Since the object of the study was to examine more intensively the
leukocytic cell-virus interactions, the morphogenetic studies were done in
greater detail in the leukocytic than in the BEL cells. The morphology of
viral particles observed during the examination of sections of samples from
the leukocytic cell components was compared to that observed in BEL cells.
Viral nucleocaps ids were first seen in the nuclei of the latter cells from
the 5th hour samnles; subscouent samples obtained at 8 hours and at later
intervals revealed fully mature enveloped particles in addition to intra- -
nuclearly located viral nucleocapsids (figs. 7,8).

(ii) Adherent MM cells:

Nucleocapsids were not observed during the first 5 hours in these cells
However, cells infected and examined after b hours aooeared to contain in-
creased amounts of electronlucent central nucleoplasm , but no viral nucleo-
cansids (fig. 9). The cytoplasm of these cells contained a well developed
rough endoplasmic reticulum and Golgi apparatus, indications of protein
synthesis at the time of sampling. Poorly resolved, intracytoplasmic
membrane-hound inclusions were also present in these cells, but they
contained no viral particles. Nucleocapsids wpre seen in the nucleus for the
first time at 6 hours after infection. Similar nucleocapsids were also seen
8 hours after infection (fig. 10, 11) while mature viral particles were
observed in the 8th hour samples and consistently thereafter (fig. 12, 13).

In a cell from samples harvested Ib hours after infection, several

[ H
*m
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nucleocapsids were seen in the nucleus as well as some viral particles
probably budding into cytoplasmic vacuoles (fig. 1*+).

If the MN cells were maintained for 21 days before infection, un-
stained preparations examined by light microscopy showed that in the late
stages of incubation, the nuclei became granular, pyknotic and eventually
detached from the glass surface, leaving behind the firmly attached cyto-
plasm. Figure 15 shows an electron micrograph of a cell from cultures
exhibiting marked detachment of cell nuclei. They had been infected with
BHV-1 9 hours previously. Such cells contained abundant multivesicular
cytoplasm, and the cytoplasmic vacuoles contained cellular debris from the
overlying fluid. Numerous clubbing acanthopodes were seen on the cell
membranes of most of these cells.

(iii) Nonadherent MN cells:

Figure 17 shows cells incubated for 1% hours after inoculation with
BHV-1. They contained viral nucleocapsids. No viral particles were seen
in the cytoplasm or in the process of being released. Cells from several
other samples obtained from similar culture preparations at 14 hours after
infection did not contain viral particles either in the nucleus or in the
cytoplasm (fig. 18). A similar erratic distribution of viral particles was
observed in the samples obtained at 18 and 20 hours postinfection (figs.
19 - 2*0. Samples from the 36th hour and later incubation periods consis-
tently revealed the presence of viral particles (figs. 25 & 26). This
erratic distribution indicated that the nonadherent MN cells were not
uniformly susceptible to the virus. This would also be consistent with a
multiphaslc growth curve.

(iv) Polymorphonuclear cells:

When a suspension of PWN cells and virus was mixed, incubated at 37 C

and samples withdrawn at various time intervals and examined for virus,~none
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was observed in the samples Drior to the U8th hour of incubation. AIll such
samples contained cells with electrondense peripheral chromatin, while the
centrally located chromatin was more electronlucent. The nuclear membrane
was very clearly demarcated from the cell cytoolasm. The latter contained
lysosomal granules of varying sizes. Several nuclear lobes could be seen
in sections of many cells. This was consistent with the segmented nuclei
observed in PWN cells of peripheral blood in light micrscopy (fig. 27).

The cells from the 1x8th hour samole ( fig. 281 contained many cytoplasmic
multivesicular vacuoles and an abundance of monovesicular ones of varying
sizes. Both types of vacuoles contained materials of various sizes and shapes,
probably at different stages of degradation. No lysosomes could be clearly
identified in these cells. However, it was assumed that the lysosomes had
fused with the phagocytic vacuoles to form phagolysosomes, hence explaining
the presence of the multivesicular vacuoles, and the absence of the
lysosomes. Whether the lysosomes disappeared because of fusion, as suggested
above, or due to the prolonged iri vitro cultivation of PWN cells is
debatable. The nuclei contained viral particles which, at higher magnifi-
cation (fig. 29), seemed to be clearly herpesviral nucleocapsids. There was
no indication of viral maturation or release by these cells . The latter
appeared to contain more areas of electronlucent nuclear chromatin than those
cells in which viral particles were not seen.

The PWN cells that were co-cultivated with infected BEL cells did not
contain viral particles in their nuclei at any stage of incubation. However,
the phagocytic vacuoles contained cellular debris, probably from the BEL
cells, and some viral particles (figs. 30 &31 ). It seems that these viral
particles were noinfectio'is to the PW cells. Most of the viral particles
were probably degraded by lysosomal hydrolases together with the rest of the

%
phagocytosed cellular debris.
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In another PWN cell preparation, the poorly fixed lysosoir.es contained

"onion peel”, whorl-like structures, whereas well fixed lysosomes exhibited

a fibrillar internal structure (fig. 32).

TV. DISCUSSION

A number of methods have been used to separate the cellular elements

of blood. The techniques include the use of simple centrifugation to obtain

the buffy coat cells, followed by lysis of the contaminating red blood

cells (12, 22, 76), attachment of the buffy coat cells to Roux bottles (29),
density gradient centrifugation (48, 99), zonal centrifugation (9), a com
bination of red cell aggregation and density gradient sedimentation (10, 80)j

or by the use of glass or polystylene bead columns (81, 98). The method of

Boyum (10) was modified for use in this study. Good results were obtained

utilising this method as shown by the high viability and purity of cell

preparations recovered in this study.

In order to understand the nature of the interaction of a virus with

host cells, it is imperative to subdivide the viral replication cycle into

phases that could be studied easily. By introducing factors that interrupt

the cycle at defined or definable points, much has been learned regarding

the influence of the infecting virus on the host cell metabolism, and the

sequence of events that lead to the production of progeny virus. Five

merging phases of the viral replicative cycle have been identified. These
are: 1. Adsorption 2. Penetration 3* Uncoating 4. Biosynthesis

5. Maturation and release. The events which occur during each phase differ

widely, depending on the type of virus and the host cell. A defect in any

step can result in an abortive or defective replicative cycle. This might

explain why host cells are either permissive or non-permissive to infection

) ) ) %
with different viruses.
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In the present study, only the adsorption, maturation and release

phases were examined. It was hoped that the data from such a study would

provide evidence to support or refute the validity of the hypotheses ad-

vanced in the introduction. The finding that adsorption by cells in whole

blood was less than in the fractionated cell component was at first

puzzling. However, if we recall that identical volumes of whole blood and

isolated cell components were used, this would seem to be a consistent

finding. This is because volume for volume, whole blood would contain

fewer cells than an equivalent volume of the concentrated preparations of

separated cell components. Intuitively, one would expect more cells to

adsorb more virus than if a few cells were used. This intuition is upheld

by the data.

To some extent, the rate of adsorption of herpes simplex and pseudo-

rabies viruses is thought to be dependent on the relative cell concentra-

tions. *or example, Farham (28) found that when the same amount of virus

was added to cultures in volumes of 1.0 ml, 0.5 ml or 0.1 ml, the relative

number of plaques obtained was 1, 1.5» an™ 1«7+ One can say that the ad-

sorption of BHV-1 like that of the other two herpesviruses, is also depen-

dent on the cell concentration. When Stevens and Groman (92) studied the

adsorption of BHV-1 to monolayer cultures of the Madin-Darby bovine Kkidney

(MDBK) cells, and assayed the adsorbed virus by the plaque technique, they

observed greater adsorption of virus from the smaller of the two inoculums

%

used. However, no work has been reported on the adsorption of BHV-1 to

leukocytes; neither has much been done on the adsorption phase in this

general phenomenon of cell-virus interactions between leukocytic cells and

viruses, except that done with influenza virus (2, 3, 3*0< Nevertheless,

the growth of many viruses in leukocytic cells is widely reported

(21, 22, 23. 24, 38, 74, 79, 91).
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In the present study, small quantities of BHV-1 were adsorbed by the
red cells. The adsorption per se was difficult to explain. Since herpes-
viruses replicate in the nuclei of infected cells, no viral replication
would be expected to occur in anucleate red cells. Therefore, the adsorp-
tion would be nonspecific. Poliovirus (69), influenzavirus (2) and New
castle Disease virus (85) have been shown to be unproductively attached to
cells in culture. Part of the adsorbed poliovirus was shown to be in-
fectious upon subsequent retesting (69). Since viral elution was observed
in the red cell series in the present study as judged by the increased in-
fectious residual virus in the later hours of incubation, it was alluded
that the eluted BIliV-1 was infectious.

The greater viral adsorption in the unfractionated leukocytic compo-
nents than in the separated mononuclear cells is a consistent finding since
the former fraction also contained PHN's. The latter cells would be ex-
pected to adsorb some virus as well. Although direct evidence for viral
adsorption to FMN's was unavailable, electron micrographs indicated that
these cells phagocytized viral particles (fig. 31)* However, it is evident
from the adsorption and also from the viral replication studies that both
types of MN cells adsorbed considerable quantities of the virus.

Valentine and Allison (3) have shown tliat the rate of adsorption of
labelled influenza virus decreased aftex* about GO}Z of the virus had
adsorbed. They attributed the decline to the clumping of cells in the later
hours of incubation. They also demonstrated that it was not due to the
presence of a proportion of viral particles less easily adsorbed to the
cell suspension by mixing supernatants from a late incubation sample with
a fresh cell suspension. They found the rate of adsorption to be similar
to that initially observed. The decrease in viral adsorption over time in

the present study was attributed to cell clumping. It is well established



30

that 10056 adsorption of inoculum virus is not essential to ensure viral in-
fection of a cell suspension or a monolayer. It is also a common practice
in virological work to rinse off excess inoculum virus seeded to monolayer
cultures, or to wash infected cell suspensions during growth curve studies.
This is a clear indication of a general presumption that only a small por-
tion of inoculum virus is essential for the infection of any desired
indicator cells. In the present study, viral replication was observed in

the mononuclear cell types although a hundred percent viral adsorption did

not occur.

As indicator cells for viral replication, leukocytic cells would be
either permissive or nonpermissive to the viral infection. However, in
addition , they would also have the capacity to actively destroy the virus.
It was hoped to show by these studies that leukocytes adsorb large amounts
of virus. It would have been of interest to compare adsorption by the
leukocytes and by an equal quantity of trypsinised BEL cells.

While it is difficult to demonstrate viral replication in the blood
stream, many viruses have been shown to replicate in vitro in blood cell
cultures of birds (IlI» 21), lower animals (21, 22, 30* 57)» and man
(8, 23, 2|\, 26, 30, 38, 7*f, 102). The presence of viruses in blood cells
has been demonstrated in clinical materials using fluorescent antibody (FA)
techniques (15, 97), by direct isolation from leukocytes of various species
(27, 37, 39, 50, 66, 67) or by electron-microscopic (EM) examination
(11, 26, 79).

When whole bovine blood was inoculated with BHV-1, viral replication
occurred. It occurred also in some of the cellular fractions of whole
blood. Since stimulation with FHA was necessary before lymphocytes could

support viral replication, these cells were considered unlikely to act as

host cells for viral replication in vivo. However, lymphocytes could
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readily adsorb the virus (table 1). Since growth curve studies showed that
PUN cells did not allow viral replication and that only rarely were nucleo-
capsids demonstrated in these cells, it was concluded that they are un-
likely to contribute significantly to viral titers in whole blood. It is
also believed that the AN cells would internalise and inactivate any virus
adsorbed to their surfaces, Evidence from the growth curve and BM studies
strongly indicated that the monocytes acted as host cells for viral repli-
cation without stimulation with PKA. Since there is no known in vivo
equivalent of PHA stimulation, excelt that due to specific antigens and
neoplasia, it was concluded that only monocytes could support viral replica-
tion _in vivo.

From the adsorption ar.d the replication studies, it is concluded that
in vivo , the virus is transported replicating in monocytes and adsorbed to
the lymphocytic cell surfaces, ihis is based on the fact that although both
cell types adsorbed the virus, only the monocytes could replicate the virus
without the aid of blastogenesis, and that while lymphocytes with or without
PHA adsorbed the virus, only the former supported viral replication. It is
conceivable that the non stimulated lymphocytes retained the virus on their
cell surfaces.

It is not possible to isolate virus from whole bovine blood always
because only small quantities are released. This leads to viral titers that
are below the detection threshold for the isolation techniques currently in
use. Also, lymphocytes adsorb the virus further reducing the virus titer.
Furthermore, only about % of the leukocytic cell components are monocytes,
again diminishing the possibilities of viral detection. However, if buffy

coat cells are cultured, the viral concentration would be adequate to allow

) %
detection.
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Since the manner of viral replication in the blood cells differed

significantly from that observed in BEL cells, | will try to explain the
possible sources of these differences. As shown by the growth curve
studies, virus yield was lower in adherent MV cells than in identical
cultures of BEL cells. The fewer number of nucleocapsids in the nuclei of
adherent cells as compared to those of BEL cells could explain this obser-
vation. A reduction in the envelopment in the blood cells, particularly in
the nonadherent types could have lead to a reduction of viral maturation
and release. In this regard, the apparent restriction on viral replication
would not be due to influences in the early phases of the infection cycle,
i.e, adsorption, penetration or uncoating, but by changes or factors that
could alter the subsequent biosynthesis, maturation or release. Thus,
while the regulation of cellular metabolic pathways in BEL cells might be
completely taken over by the infecting virus, the blood cells could retain
control over their metabolic pathways and act in a manner that would re-
strict viral production. The cells could do this by adversely influencing
the transcription of viral genome or the translation of viral coded infor-
mation, or by restricting viral assembly and release. Also we may recall
that these cells are equipped with degrading enzymes which may destroy the
virus. In the final analysis this merely means that less virus is

produced than in the case of other cells.

Another way in which viral restriction could occur in blood cells is
via the release from the activated macropht";tges or lymphocytes, of a variety
of factors that could render the susceptible cells refractory to infection,
or suppress viral replication in the infected cell. This mechanism is

applicable in the present study. It might be that in both the adherent and

nonadherent cell fractions the cel'ls that contacted the virus initially
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elaborated, an inhibitory substance, like interferon which, on reaching the
other cells, reduced viral yiendijinjt*he latter cells.

Suppression of BHV-1 gjjototin* ini indicator cells by murine macrophages
has been documented (84), but no work on such suppression by bovine macro-
phages or lymphocytes has so far been reported. Stevens and Cook (91)
concluded that the reduction in viral growth of herpes simplex in murine
macrophages was probably at the deoxyribonucleic acid (DNA) synthesis level.
They suggested that defective progeny viral DNA or lesser amounts of normal
viral DNA were synthesized in macrophages that showed restriction of
herpesviral replication. Johnson (49) showed that infected murine macro-
phages from young mice released virus to adjacent cells cocultivated with
the macrophages, whereas there was restriction of viral release in macro-
phages from adult mice. This indicated that there was interference with
viral release in the latter cells. Data from the present study indicated
that substantial virus was released from cultured bovine leukocytes other
than PWN cells. Thus, restriction of viral release would not explain the
reduction in viral titer observed in these leukocytic cultures.

The morphogenetic studies in both the adherent and the nonadherent
mononuclear cells confirmed the results of the growth curve studies by
showing that BHV-1 replicated in these cells. The absence of mature viral
particles within 5 hours' incubation is consistent with the presence of an
eclipse phase in the corresponding time interval in the growth curve.
Mature virus particles were observed in tr:e 8-hour samples of adherent cell
preparations, a period which corresponds to the beginning stages of the
exponential phase of the growth curve, again, a consistent finding.

The nonadherent cells were the most unique in their capacity to act as
host cells for BHV-1l, in that nom-FHA stimulated cells failed to support

viral replication. The electron micrographs showed that some of the PHA



stimulated cells failed to support viral replication. Thus, the growth
curve (fig. 6 ) might not necessarily be a one step growth cycle. Although
no receptors have been identified for herpesviruses, it is conceivable to
assume, based on the work done with other viruses that such structures
exist (107). If this is true, the effect of PHA on the lymphocytes could
be, in part, to unmask such receptors or cause their synthesis, in addition
to the well known effect of blastogenic transformation. Non stimulated
cells would lack such receptors and hence escape viral infection. Trans-
formed lymphocytes show increased DVA synthesis, while the DNA of untrans-
formed cells is inactive. It would seem logical to conclude that viral
replication occurred in the one cell type and not in the other because of

the respective active and inactive DNA metabolism.

Summary and Conclusions

The leukocytic fraction of whole blood was shown to adsorb the largest
quantities of BiiV-1, while the adsorption by the red cells was considered
insignificant. Electron microscopic evidence showed indirect viral
adsorption by the PMN's. Both types of mononuclear cells adsorbed the
virus. However, viral replication accompanied by release of virus occurred
only in the monocytic cells and PHA stimulated lymphocytes.

It was concluded that BliV-1 is transported in the blood replicating

in monocytes and adsorbed to lymphocytic cell surfaces.
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TABLE 1. Summary of in vitro Interactions of different blood cells with bovine herpesvirus - 1.

ACTIVITY* CELL TYPE
Red blood cells Polymorphonuclear cells Monocytes Lymphocytes
with PHA" without PHA
Phagocytosis - + + - -
Adsorption +cC + +

Presence of viral
nucleocapsids - +

Viral release

at - ® Nno activity =
+ - activity always observed
+ ® activity irregularly observed

bt very low adsorption rates observed in the present study.
et Indirect evidence from electron microscopy.

* PHA — Phytohemagglutinin (Difco, K-Form).
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FIGURE |

Flow Diagram of the Procedure Used in
Isolating Cellular Components of Bovine Blood

Blood, diluted 1.3

in Calcium-Magnesium Ficoll-Hypaque N
free Dulbecco phosphate _ _ asma
Buffer (CMf-DPB) Gradient,Centrifuge

IOOOxg for 20minutes
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Pool fractions, dilute 1:2 in
CMf-QPB Lyse RBC
Centrifuge 850xg for 20min Centrifuge x150g for 10 min
; Wash once and resuspend in
Asf(;:)atsf F;{'\ég !Saeyd‘c‘;rrngr?tm Eagles’ MEM with 20%
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Lyse Contaminant RBC
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FIGURE 2

Separation of Cellular Components of Bovine Blood

(A)Before,(B)After Centrifugation
P M N »s=Polymorhonuclear Leukocytes

[ 65
IJ'U m

d<;_\/._

(A)

x 1000 g
20 minutes

>Plasma +Platelets

Mononuclear cells
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+ PMN'’s
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FIGURE 3

Adsorption of Bovine Herpes Virus-1 (BHV-I)
by Cells in Whole Blood and by

Respective Separated Cellular Components
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FIGURE 4
Replication of Bovine Herpes Virus-1 (BHV-I)

iIn Whole Bovine Blood
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The Replication of Bovine Herpes Virus-1 (BHV-I)
in Non-Adherent Mononuclear Cells

Period Following Start of Incubation (hours)



Fig. 7s

Bovine embryonic lung (BEL) cells; Two cells from a monolayer
culture of BEL, infected with BHV-1 and harvested 8 hours.
Notice the unenveloped nucleocapsids (nc) within the nucleus (n)
and the enveloped mature virus particles at the plasma membrane
(mp). Other virus particles appear to be egressing into cytoplas-
mic vacuoles (cv) where apparently they are being enveloped. Both
cells show clumping and margination of nuclear chromatin. The
mitochondria (m) and the rough endoplasmic reticulum (ER) are
clearly visible.

Post fixed in osmium tetroxide, and stained with lead citrate

and uranyl acetate; x9,000.
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Bovine Embryonic lung cells infected with BHV-1 and Harvested 8
hours later. Higher magnification of fig. 7- Notice nucleo-
capsids (no) in the nucleus and enveloped mature virus particles

outside the plasm membrane. A naked nucleocapsid is seen in the
cytoplasn (nnc). In the lover half of the cell are see

aggregates of non-identifiable material (nim).

Post fixed in osmium tetroxide and stained vith lead citrate

and. uranyl acetate; x73»000.
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Fig. 9°

Adherent Mononuclear cells harvested 5 hours after infection with
BHV-1.

No virus particles were observed. However, notice the

well developed cytoplasmic organelles: rough endoplasmic

reticulum (EB), Golgi apparatus (G), and mitochondria (h).
Several poorly fixed mitochondria and some non-identifiable

electron dense todies (edb) are located in the cytoplasm.

Post fixed in osmium tetroxide and post stained in lead

citrate and uranyl Acetate; x9»000.
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Fig. 10j
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Part of an adherent mononuclear cell from samples obtained 8
hours after infection with BHV-1. Notice the intranuclear viral
nucleocapsids in one nuclear lobe and several membrane bound
cytoplasmic bodies. These are probably poorly fijced mitochondria
and remnants of lysosomal granulesj cv » cytoplasmic vacuoles.
Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x15»000.
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Fig.

11:

Higher magnification of the nuclear lobe containing viral
nucleocapsids in fig. 10. Notice the scarcity of viral
particles.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x73i000.
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Fig.

12:

63

Part of an adherent mononuclear cell eighteen hours after in-
fection with BHV-1l. Notice the mature, enveloped virus
particles (mp) located extracellularly close to the cell
membrane. Some of the virus particles appear to be losing their
morphological integrity.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x73»000*
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Fig.

13:

Fart of an adherent mononuclear cell showing extracellularly

located mature virus particles (mp).

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x73»000.
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Fig.

14
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An adherent mononuclear cell harvested 14 hours after infection

showing intranuclear viral particles.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x9»000.
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Fig.

151
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An adherent mononuclear cell from cultures maintained for 21 days

in vitro. The cultures were infected with BHV-1 and harvested

8 hours later. Novirus particles were seen in this preparation.

However, notice the abundant protoplasmic processes and the

cytoplasmic vesicles.

Post fixed in osmium tetroxide and post stained in lead

citrate and uranyl acetate; xI5»000.
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Fig. 16: A normal non-adherent mononuclear cell. Notice the presence of
mitochondria close to the Golgi area in the nuclear cleft, and
dense peripheral chromatin and clumps of central nucleoplasm.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x38,000.
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Fig. 17: Part of a non-adherent mononuclear cell from samples harvested

I~ hours after infection with BHV-L.
Notice the virus particles in the nucleus only.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x73»°00.
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Fig. 18s A non-adherent mononuclear cell from the 14 hour harvest.

Notice the absence of viral particles in this cell, whereas
other cells from the same harvest (fig. 17) showed viral
particles.

Post fixed in osmium tetroxide, post stained with lead

citrate and uranyl acetate; xI9»000.
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Fig.

19:

7

Non-adherent mononuclear cells harvested 18 hours after infection
with BHV-1. Notice some of the cells have disintegrating nuclei
while others seem unaffected. No viral particles were seen in
these cells. However, other cells (fig. 2I) showed viral
particles: ¢ = cellular cytoplasm, cv = cytoplasmic vacuole.
Post stained in osmium tetroxide and post fixed with lead

citrate and uranyl acetate; x9,000.
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Fig. 20: Non-adherent mononuclear cells harvested 18 hours after
infection with BHV-1. No virus particles are present in these
cells.

Post fixed in osmium tetroxide, post stained with lead
citrate and uranyl acetate; x9,000;
nl = nucleolus;
c =cellular cytoplasm;

N 4 nucleus;

edb

electrondense body;

cv cytoplasmic vacuole;

G » Golgi complex;

M > mitochondria.
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Pig. 21x Non-adherent cell from 20 hour sampling time harvests. Notice
the presence of viral particles located extracellularly.
Post fixed in osmium tetroxide and post stained in lead
citrate and uranyl acetate; x73t00O

c - cellular cytoplasm
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Fig.

22:

Parts of two non-adherent mononuclear cells harvested 20 hours
after infection with BHV-1. Notice the viral particles in the
nucleus of the cell at the upper end while the nucleus in the
lower cell has no virus particles, and the disintegration of
nuclear chromatin in the cell which shows viral particles
whereas that of the non-infected cell is uniformly
electronlucent.

There are some electron dense particles (edp) in cytoplasmic
vacuoles (cv) of the infected cell.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; xI9i000.






Fig. 23: Higher magnification of the nucleus of the infected cell in

fig. 22.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x73i000.
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Fig. 2h:

A high magnification of an infected non-adherent mononuclear

cell, shoeing viral particles in the nucleus.

Post fixed in osmium tetroxide, post stained uith lead

citrate and uranyl acetate; x73.000.
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Fig. 25:

89

Part of an infected non-adherent mononuclear cell from samples

obtained 36 hours after infection. Notice the mature virus

particle (np) located extracellularly. Cytoplasmic particle (cp).
Post fixed in oxmium totroxide and post stained with lead

citrate and uranyl acetate; x?3»000.
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Parts of two non-adherent nononuclear ceils and extracellularl,

located viral particles (np).

Post fixed in osniu. tetroxide and post stained with lend

citrate and uranyl acetate; x73»oco<
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Fig. 27:

Polymorphonuclear (FUN) cells culture in suspension and
harvested 18 hours after infection with BHV-1. Some of the
cells show moderate electronlucent central nucleoplasm whereas
others do rot.

Post fixed in osmium tetroxide and post stained with lead
citrate and uranyl acetate; x12,000.

eg - cytoplasmic granule.

cv x cytoplasmic vacuole
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Fig.

28:

Part of a AW cell showing intranuclear location of viral

nucleocapsids. The cells had been cultured in suspension,

infected with BHV-1 and harvested 48 hours later. There are no

indications of viral release.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; xl12,000.

rave multivesicular cytoplasm

sg stain grains
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rig.

29:

|%_’> nQ Notice the intranuclear
Higher magnification of fig.

location of viral nucleocapsids.

Post fixed in osmium tetroxide and post stained «ith

citrate and uranyl acetate; x77,000.

load
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PMN cells co-cultivated with BEL cells which had been previously

infected with BKV-1. The cells were harvested 9 hours after

overlay on the BEL cells. Notice the large phagocytic vacuoles

containing cell debris.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; x19»000.

d « debris within vacuole
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Fig. 31: PWN cells showing a viral particle (vp) in a phagocytic

vacuole (cv).

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate, x73»000*
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Lg. 32: PWN cell, showing fine structure of cytoplasmic granules.

Notice the "onion peel” (op) whorl-like structures resulting from

poorly fixed granules.

Post fixed in osmium tetroxide and post stained with lead

citrate and uranyl acetate; X25.000.
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In vitro Cell-virus Interactions Associated with Eovine Herpesvirus-1
and The Peripheral Blood Cellular Components

Abstract

Bovine herpesvirus-1 (BHV-I) has been shown to cause abortion follow-
ing an acute attack of viral infection of the upper respiratory tract, or
vaccination via the nasal or the intramuscular routes. The virus also
causes balanoposthitis, enteritis, keratoconjunctivitis, rhinotracheitis
and vaginitis. The virus is believed to reach the placenta and the brain
via hematogenous transport. The virus has previously been recovered from
the buffy coat cells of bovine blood. The manner in which the virus
relates to these and other blood cells while in transit in blood is not
known.

The purpose of the present study was to investigate the nature of this
relationship. An in vitro correlate of the in vivo cell-virus interactions
was simulated by isolating peripheral blood cells on a Ficoll-Hypaque
gradient and testing their capacity to adsorb and act as host cells for
BHV-I replication. This was done after demonstrating both adsorption and
replication of the virus in whole blood.

Unfractionated leukocytes and red cells were Initially tested for viral
adsorption. More than 60% of aaximum adsorption was observed in the
leukocytic fraction while less than IO# was observed in the red cell
component after 6 hours of incubation. In thb late periods of incubation,
a slight increase in adsorption was observed in the leukocytic cell
preparations while a decrease was noted in the red cell series. later, the
leukocytic fraction was further subdivided into the various cell com
ponents, namely polymorphonuclear (PMN) cells on the one hand, and the

mononuclear (MN) cells on the other. The latter were further divided into
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aonocytes and lymphocytes and shown to readily absorb BHV-1. FKN cells
were tested for viral adsorption and uptake indirectly by examining for
viral particles in electron micrographs.

Evidence from electron microscopy showed that viral replication
accompanied by release of infectious virus occurred only in monocytes and
Fhytohemagglutinin (PHA) stimulated (PS) lymphocytes. However, unenveloped
viral nucleocapsids were also observed in the nuclei of non PS lymphocytes
and occasionally in PWN cells. No viral particles were observed in PW
cells infected in suspension cultures prior to 48 hours of incubation.
However, viral particles and cellular debris were seen in phagocytic
vacuoles of PWN cells co-cultivated with bovine embryonic lung (BEL.) cells.
The latter had been infected at a high input multiplicity.

In growth curve studies, lymphocytes and PWN cells were maintained in
stationary suspension cultures, while monocytes and BEL cells were grown on
glass. Peak viral titers were observed after 12, 18 and 36 hours of
incubation for monocytes, BEL cells and PS lymphocytes, respectively.
However, no viral replication vias observed in the PWN cell components.

It was concluded that BHV-1 is transported _in vivo replicating in
monocytes and absorbed to lymphocytes. The red cells and the PMN cells wera
considered to play no significant role in hematogenous transport of the
virus. This would follow from the observations that neither did the red
cells adsorb significant quantities of the virus, nor did they support
viral replication; and that any virus attached' to the PWN cells would be
eventually internalised and probably destroyed.

Based on the results of the study and the pathobiology of the
inflammatory response, a hypothesis was advanced to explain viral entry

into the blood and its exit in order to reach the target organs. The

hypothesis states the followings
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Macrophages and lymphocytes leaving the infected respiratory passages
carry EHV-1 replicating in the former and adsorbed to the latter cell
types. The cells lodge in the local lymph nodes where further viral
replication occurs. Monocytes, leaving via efferent blood vessels, and
lymphocytes leaving through the efferent lymphatics of such lymph nodes
eventually transfer the virus to the blood. Migrating mononuclear cells
act in concert to transport the virus to the placenta and the brain. In
the placenta, viral replication occurs in the highly sensitive fetal
tissues. This subsequently leads to a fatal viral infection of the fetus.
The dead fetus is soon aborted. In the brain local viral replication soon

leads to encephalitis.



X.  APPENDIX

STATISTICAL ANALYSES
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A. COMPUTATION OF 507. END POINTS

The strength of a virus culture is judged by the extent to which it
could be diluted before inoculated' tls]':ell cultures failed to indicate
effects of viral growth. In such a testf serial dilutions of the culture
are prepared and fixed volumes of these are inoculated into different
groups of cultures. An endpoint is estimated from the proportion of
cultures that become positive at each dilution.

In order to use the method of Spearman-Kaerber it is assumed that.

1. Variation exists among inoculated cultures

2. For any culture there is a level of virus dose above which infection

occurs and below which no infection will occur (sometimes called

the threshold);

3. Successive doses are fairly close together.
Let the dose level [negative logarithms (-logs)] be denoted by
X , X2, . . . , x™, where contains most virus. Suppose ni cultures are

inoculated at dilution xi and ~ of them show cytopathogenic effects (CPE).

The proportion of positive responders is

Then the log median tissue culture

infectious dose (TCID5Q), M, is estimated by

*1 + xi+l
Mo t(pitl - pi)c — 2 ’ ©

If doses are equally spaced so that x» ™ - x» - d for all i, the

estimating equation may be written

m= X + |d - . (2)

If the number of cell cultures per dose is also constant and equal to n,

the estimating equation may be written
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1= 3

@

Equation (4) was used for computation of 507. endpoints for all viral assays.
It is apparent that only the summation of positive responders (j~r") is
necessary in this case. For example, if a tenfold dilution was followed by
two fold series so that x* = -1.0, d = -0.3, n =5 and the following

observations for responders were made:

5/5, 5/5, 4/5, 2/5, 0/5, 0/5; Lhen
£r. = 16. Substituting for the various values in equation 4 gives the
following:

m= -1.0 - 0.3(16/5 - -]) = -1.81

whose antilog provides the endpoint of 1:64.

The viral titers were expressed as TCID™g per unit volume, (0.025 ml).
In order to facilitate uniform comparisons with work in other laboratories,
the titers were expressed as concentration per ml of undiluted culture.

Normally, if the titer is XTCID5{) per y mis, the titer per ml is given by
21 (5)
X TCID50 per y ml o =

which becomes
X TCIDjg per 0.025 ml -« 1/0.025 or

X TCID”g per 0.025 ml x 40 for titers reported herein

Clearly, when the titers are expressed as log TCID”™ per 0.025, one only

needs add 1.6 (log 40) to convert them to titers per ml.



B. THE GEOMETRIC NMEAN

All virus assay determinations previously expressed as TCID"™g per unit
volume of virus culture were subsequently transformed into a logarithmic
scale. Geometric means (X ). for the appropriate replicates were computed

8J
from the logarithmic transformations using the following relationship (82)

n.
E log x
) i=1
iog X = n (6)
8j J
where i = the number of replicates averaged

j the rank of determinations within any sampling series;
this relationship essentially says that the logarithm of the geometric mean
is the aritlimetic mean of the logarithms of the individual observations.
The geometric mean (X8)j. of a set of observations (x», x2> . . xn)j
is e X2 . . . xn )™ If we let the quantity ~ e« x2 . xn) be
represented by Q, then the geometric mean
n, » NS (7)

- Qi J

Thus,
log X . = log Q. nJ
8j J

nz 108 Q (8)

Equation (8) is the easiest to use if tables for the appropriate nth roots

are unavailable. »

If we substitute for log x in equation (6) we obtain the following:
ni
EJ log
— log Q, = 1-—---—-——-- 0)
"J J ”J

The antilog of the term on either side of equation (9)provides the
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C. EVALUATION OF SIGNIFICANCE

Since most determinations were made in pairs, Wilcoxon's signed rank
test for paired data was used to test for significance. The n pairs of
observations were assumed independent. The tested hypothesis is that the
first and the, second members of the pairs came from populations having the

same median, or that the pair differences come from a population having a

median zero, i.e.
V Mdl = Md2

Ha: MdL £ Md2 ,

or Hg: Mdx - Md2 =0

HA: Mdl “ Md2 * °
Any ties in paired entries were removed from the data before analysis.
Thus, n became the number of non-tied pairs. T+, the sum of the positive

ranks is then the test statistic.

The computations are shown in Tables A.l to A.3 and the conclusions

are summarised below each table.



ble A. 1.0 VIRUS TITER* FOLLOWING INOCULATION OF BHV-1 INTO BOVINE BLOOD AND PLASMA

Sampling Time

3 6 9 12 15 18 21 24 27 3° 33 36
lood 3.0 3.8 5.7 86 128 102 81 128 116 149 203 25.6
lasma 6.4 8.1 6.4 5-1 6.4 6.4 4.0 40 32 20 1.6 1.0
ifference 0.7 3.5 6.4 3.8 4.1 8.8 8.4 1209 18.9 24.6
iign of Difference - - - + + + + + + + + +
Lank 20 6.0 1.0 3.0 7.0 4.0 5.0 9.0 8.0 100 11.0 12.0
T+ - 69 . 0
Critical values for n - 12, T+q -13and 65; T+~ m 9 and 69

0.02 < P < 0.05

*i In log TCID™O per ml

€1l



Table A. 2.0 VIRUS TITER*

FOLLOWING INOCULATION OF BHV-1 INTO BEL CELLS AND CONTROL MEDIA

Sampling Time

12

3 9 13 18 21 24 27 30 33 36
BEL Cells 44 48 45 71 7.4 78 78 77 72 71 75 7.7 1.6
Control 4.5 41 41 44 47 46 43 42 40 39 37 33 29
Difference 0.1 0.7 04 27 27 32 35 35 32 32 38 44 47
Sign of difference - + + + + + + + + + + + +
Rank 1 3 2 45 45 7 9;5 9.5 7 7. 1 12 13

T+ - 104 .

Critical values, n o 14, are 21 and 84; 15 and 90; and 12 and 90 for

* P < 0.01

* -

In log TCID"q per flask

T.
+0.05,0.02,0.01

respectively.

39

7.2

2.2

5-0

14



Table A. 3.0 VIRUS TITER* FOLLOWING INOCULATION OF BHV-1 INTO BEL AND AD-MN CELLS

Sampling Time

0 3 6 9 12 15 18 21 2% o
AD-MN Cells 39 45 48 50 52 51 49 47 44 41
BEL Cells 4.4 4.8 4.5 7.1 7.4 7.8 7.7 7.8 7.2 7.1
Difference 0.5 0.3 0.3 2.1 2.2 2.7 2.8 3.1 2.8 3.0
Sign of Difference - - + - - - - - - -
Rank 30 15 15 40 50 6.0 [5 100 75 90
T+ - 1.0
For n < 10, critical values for V o 5. 0.02. 0.0l indioate that

p < 0.01

*1 In log TCIDjq per flask.
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