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spinal cord (lumbal segments, 0.5 ml), spleen (1 ml), brain stem (0.5 ml), brain (1 ml), lungs
(1 ml), and trigeminal ganglia (0.5 ml) of i.p. infected mice. The organs were washed in sterile
distilled water, homogenized, sonicated (3 times 20 sec), centrifuged (10 min, 3500 rev/min)
and tested for virus presence in BHK cells grown on 24-well plastic microplates in medium BME
supplemented with 89, calf serum and antibiotics. Results were read 2 and 3 days after incubation
at 37°C in 59 CO: atmosphere. Microfoci of CPE were counted at the limiting dilution and
the results were expressed in TCIDsg units per organ.

The medium fluid from the explanted ganglion samples was exchanged on days 3 and 7 in
culture. The explantation was finished on day 10 in culture. The medium samples and the homo-
genized fragments collected on day 10 in culture were tested for infectious virus in BHK cells.

Explantation procedure. By 22 hr p.i. both trigeminal ganglia were removed, minced, and cul-
tured in plastic Petri dishes in medium RPMI-1640 supplemented with 109, foetal calf serum
and antibiotics.

Immunofluorescence (I1F). Blocks were quickly frozen in liquid nitrogen from following organs
and areas of mouse body: liver, spleen, kidneys, and adrenal gland (including the retroperitoneal
vegetative nerves and ganglia), lungs, and heart (including mediastinal nerves and ganglia),
lumbal segments of the spine ircluding spinal cord, spinal routes and ganglia, and the sympathetic
paravertebral ganglia, brain stem and cerebellum, the rest of brain, both trigeminal ganglia.
Cryostat sections (6-7 um thick) were cut from each block at three levels about 300 um apart.
From each level at least 6 sections were sticked to 2 slides, air dried, fixed in acetone, and stained
with rabbit immune serum to HSV-1 diluted 1 : 100 (Ortho-Diagnostic) and an anti-rabbit con-
jugate (goat, anti-rabbit, IgG fraction, FITC labelled, Dianova) diluted 1 : 50. Before staining
with immune serum the sections were treated with normal goat serum diluted 1 : 20. Control
slides were not stained with anti-HSV immune serum. Finally, the sections were counterstained
with 0.19, thiasin red solution (Fluka) for 2 min and mouted into Elvanol. The preparations were
viewed in o Zeiss microscope.

PAP staining. Organs and tissues as listed above were fixed in Carnoy solution or alternatively
in neutral buffered formalin (49%,) and embedded into paraffin. Blocks were cut at room tempera-
ture, deparaffinized (xylol, aleohol) treated with methanol/hydroperoxide (3% H202) to remove
the endogenous peroxidase for 20 min, and with normal swine serum (Ortho) diluted 1 : 10 for
20 min to block non-specific staining. Then the sections were stained with the rabbit immune anti-
HSV-1 serum (see above), with the bridging swine anti-rabbit IgG, and finally, with the PAP
complex (rabbit PAP, Dianova; at a concentration of 50 pg/ml for 45 min). All reagents were
applied at room temperature. The reaction was visualized with aminoethylcarbazol (0.49%)
solution containing HeOg (0.029%) for 25 min and then the secticns veere stained with haemato-
xylin for 30 sec and mounted into glycerine-gelatine (Merck). Control sections were stained omit-
ting the immune rabbit anti-HSV-1 serum. To improve the staining of the HSV antigens parallel
sections from the formalin embeddedl material were stained also after digestion with pronase
(1 mg/ml for 10 min, room temperature).

Results

Spread of infectious virus

The SC16 strain given in the dose of 2 x 105 PFU per mouse by i.p. route
was lethal in each case. Between days 2—4 p.i., the presence of virus in spleen,
liver, and lungs was typical for the viraemic phase, while during the second
phase (days 4—7 p.i.) invasion of the CNS became apparent (Table 1).
The adrenal gland contained virus in extremely high titres throughout.

Table 2 shows the distribution of ANGpath and ANG in the same organs
of DBA-2 mice. Although ANG was administered in a 10-times higher dose
than ANGpath (lethality 67.29,), none of ANG-infected mice died. Viraemic
phase with involvement of kidney, liver, and lungs was present in both ANG
as well as ANGpath-infected mice, but only in the latter has the virus
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Table 6. Detection of HSV-antigens in ANGpathgC18 and ANGpathi2-4
mutants-infected DBA-2 mice by IF and PAP staining

Organ ANGpathgC18 ANGpathl2—4

day 3* day 5* day 6+ day 10+ day 3* day 5* day 6+ day 10*

Mesenterial connective

tissue + fous
Intestinal wall

Spleen + +
Liver +

Adrenal gland

Retroperitoneal vege-

tative nerves and ganglia +

Spinal ganglia

and cord

Brain stem

Brain(other areas)

Mesenterial lymph nodes +

* by IF and PAP staining + by IF only

Table 7. Comparison of virus distribution in ANGpath and ANG-infeeted
mice with the morphological findings

Days post-infection

day 2 day 4 day 6
ANG ANGpath ANG ANGpath ANG  ANGpath

Mesenterium 4 -

Spleen - + () (+)

Liver F () () =+

Adrenal gland 4 (k) A+ () A+ () + () 4+ {-+)
Retroperitoneal and para-

vertebral vegetative nerves -+ - -t
Spinal ganglia and nerves

(lumbal segments) -+
Outer smooth muscle layer of

the gastrointestinal tract 4= -+ + -+

Mediastinal (remote)

vegetative nerves 4
Spinal cord (+) + ()
Brain stem (4) -+ ()

4 very few positive cells in one out several sections
(-+) in brackets: virus infectivity assay
+  no hrackets: IF and PAP staining
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1986). In full agreement with the abovementioned results, we confirmed
the quick axonal spread of ANG. However, in our hands, the Schwann cells
of peripheral and vegetative nerves, the satellite cells and neurons of vege-
tative and sensory ganglia showed a restrictive behaviour to ANG but not to
ANGpath and SC16. In DBA-2 mice infected by oral and corneal routes
ANGpath multiplied in the pseudounipolar neurons of the trigeminal ganglion
(manuscript in preparation). Thus, while both ANG and ANGpath spread
along axons and established latency in the ganglion cells (Kiimel et al.. 1986),
only ANGpath could overcome the restrictive behaviour of neural cells as
evidenced by synthesis of virusspecific antigens in the Schwann cells of
peripheral nerves, satellite cells and neurons of vegetative and sensory ganglia
and in glial cells and neurons of the CNS. Necrotizing lesions (lewlop in
the lnoremmal root entry zone after oral/ocular HSV moculatlon of neuro-
patho%nlv strains (Towsend and Baringer, 1978). In A/J mice infected with
the HSV-1 F strain into the tongue, the virus entered the neuromuscular
junctions, travelled along the axons to the hypoglossal nucleus in the brain
stem and at the peripheral to central nervous system junction it entered the
astroglial processes (Openshaw and Ellis, 1983). In Balb/c mice infected with
the SC16 strain the transneuronal transfer was combined with a local cell
to cell transfer in the brain stem via the glial elements (Ugolini et al., 1987).
In our hands using susceptible outbred ]uven'lo mice infected by oral route,
the Schwann cells and the oligodendroglial cells contained virus antigen
at both sides of the Redlich-Obersteiner junction line marking the transition
of the peripheral nervous system to CNS (Szanté and R(L]mm 1976). In the
present study ANGpath and especially SCI6 showed not only a simple
transneural axonal spread and multiplied actively in the next neuron, but
they grew also in the satellite cells of ganglia, in glial ecells of CNS and in the
Schwann cells of the peripheral nerves. Especially the ability to multiply in
the Schwann cells of peripheral nerves and in the ganglion satellites contri-
buted to significant enhancement of virus spread.

The involvement of adrenal gland was repeatedly described in HSV-
infected mice (Rajéani et al., 1970; Nachtigal and Caufield, 1984; Potratz
et al., 1986; Irie et al., 1987). The virus enters adrenal medulla and cortex
by blood-stream from the sinuses to spread further to the coeliac and other
letlopemonml vegetative ganglia (first neuron) and then to the sympathetic
neurons of the lowor thoracic cord (second neuron) (Hill et al., 1986). Again,
SC16 as well as ANGpath extensively multipled in the adrenal gland and
spread to the coeliac (md other vegetative ganglia and spinal 001(1 while
ANG following a limited 1'0phcat10n in the adrenal gland did not bprea(l
along nerves, at least not in a significant amount.

The comparison of the glyC- (Llld glyE-minus mutants with the progres-
sion the maternal ANGpath strain showed the following:

1. The glyE minus mutant (ANGpathI2-4) multiplied in a very limited extent
in %pleon without spreading to other organs. No neuritic uptake and no
axonal spread was found when testing the quick axonal transport by
explanting the trigeminal ganglion by 2" hr after oral/corneal inoculation.
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