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Herpes simplex virus type 1 (HSV) was inoculated into the tongue muscle of
A/J mice. Typical HSV vesicles developed on the tongue surface 4 days after HSV
inoculation. Virus was isolated from hypoglossal nerve explants, and inflamma-
tory cells appeared where the hypoglossal nerve exits from the ventral medulla.
HSV viral capsids were present in astroglial cells near the point of nerve exit. A
focal encephalitis ensued with immunoperoxidase staining of HSV antigens in
neurons of the hypoglossal nucleus. These findings indicate that HSV can
penetrate the neuromuscular junction, travel in a pure motor nerve, and produce a
focal encephalitis in the corresponding central nervous system motor nucleus.

Herpes simplex virus (HSV) is known to
spread in sensory axons and infect sensory
neurons in ganglia of the peripheral nervous
system (PNS) (17). Similar infections of auto-
nomic nerves and ganglia have been docu-
mented in experimental animals and in humans
(14, 22). In contrast to the sensory and autonom-
ic nervous systems, HSV involvement in motor
nerves and central nervous system (CNS) motor
centers has been neglected since Goodpasture
and Teague'’s early pathological studies of rab-
bits (4). The present report describes a hypo-
glossal model of HSV infection in mice. In this
model, HSV spreads in a pure motor nerve and
produces a focal infection in CNS motor neu-
rons.

Female, 4- to 6-week-old A/J mice (Jackson
Laboratories, Bar Harbor, Maine) were inocu-
lated in the tongue muscle with 10® PFU of the F
strain of HSV type 1 (American Type Culture
Collection, Rockville, Md.). Vesicular lesions
appeared on the tongue surface 4 days after
HSYV inoculation. HSV antigens were localized
in tissue sections by the peroxidase antiperoxi-
dase (PAP) technique (16). In brief, deparaffin-
ized sections of tongue lesions were incubated
for 16 h at 5°C with anti-HSV type 1 serum
diluted 1:1,000 in Tris-buffered saline. The sec-
tions were then treated sequentially with sheep
anti-rabbit immunoglobulin G, rabbit PAP (Cap-
pel Laboratories, Cochranville, Pa.), and 3,3'-
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diaminobenzidine (Sigma Chemical Co., St.
Louis, Mo.). Figure 1 shows a typical vesicle
with immunoperoxidase staining of HSV anti-
gens in the mucosa of the tongue. Adsorption of
the primary antiserum with HSV-infected RK-13
cells prevented PAP staining. To determine the
neural pattern of spread, homogenates and ex-
plant cultures (12, 15) were carried out on the
brainstem, trigeminal ganglia, and hypoglossal
nerve. The indicator cell line was RK-13 cells
(seed culture kindly provided by Nathalie J.
Schmidt, Berkeley, Calif.), and maintenance
medium consisted of Eagle minimal essential
medium containing 2% heat-inactivated fetal bo-
vine serum, 0.03% glutamine, 100 U of penicillin
per ml, and 100 mg of streptomycin per ml.
Table 1 shows the percentage of virus recovery
from these tissues in week 1 after HSV inocula-
tion by the tongue route. For purposes of com-
parison, a second group of mice were inoculated
with HSV by corneal scarification (12, 15). In
both inoculation groups, virus was recovered
from the trigeminal ganglia and brainstem. How-
ever, hypoglossal nerve explants yielded HSV
only in mice inoculated by the tongue route.
This result indicates that HSV spreads in both
sensory (trigeminal) and motor (hypoglossal)
nerves after tongue inoculation of virus. To
determine if hypoglossal spread results ina CNS
infection, histopathological studies of the lower
medulla were done. Mice were perfused by
intracardiac injection of Karnovsky solution
(phosphate-buffered 2% paraformaldehyde and
2.5% glutaraldehyde). The brainstem was dis-
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FIG. 1. Light micrograph of vesicular tongue lesion 4 days after HSV inoculation by the tongue route.
Inflammatory cells (I) lie on either side of a fluid-filled chamber in the submucosa. The arrows mark
immunoperoxidase staining of HSV antigens in the mucosa (PAP with hematoxylin counterstain).

sected free, trimmed, and fixed for an additional
2 h in Karnovsky solution. Specimens were then
postfixed in 1% osmium tetroxide, dehydrated in
graded ethanols, impregnated with propylene
oxide, and imbedded in Quetol (Ted Pella, Inc.,
Tustin, Calif.). Sections (1 wm) were stained
with toluidine blue and examined by light mi-
croscopy. Figure 2 shows the level where the
hypoglossal nerve exits the brainstem in a
mouse sacrificed 4 days after HSV inoculation
by the tongue route. Inflammatory cells were
present near the exit (arrow) but not more
distally in the hypoglossal nerve.

Ultrathin sections were obtained in the two
areas indicated on Fig. 2. These sections were

stained with 4% uranyl acetate in 70% ethanol
and 0.4% lead citrate in 0.1 N sodium hydroxide
and then examined in a Phillips 400 electron
microscope. In the intramedullary area marked
with a circle in Fig. 2, viral capsids were ob-
served in occasional astroglial nuclei (Fig. 3).
Within the triangular area in Fig. 2, particles
morphologically compatible with HSV capsids
were noted inside motor axons (Fig. 4).

The motor nerve cell bodies of the hypoglos-
sal nuclei are located dorsal and rostral to the
exit level shown in Fig. 2. To determine if input
virus from the tongue infects these motor neu-
rons, transverse paraffin sections of medulla
through the hypoglossal nuclei were stained for

TABLE 1. Virus recovery from nervous system tissue after HSV inoculation by the tongue or corneal route

Virus culture

Route of Brain stem gonin o ros
HSYV inoculation P:om(;ies?::/ees/ (%) mogenates (%) plants (%)
! (no. positive/ (no. positive/
no. tested) no. tested) no. tested)
Tongue 20/24 (83) 27/29 93) 12/16 (75)
Cornea 9/9 (100) 8/9 (89) 0/9 0)
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FIG. 2. Light micrograph of hypoglossal nerve (HN) at its exit from the ventral medulla (M) 4 days after HSV
inoculation by the tongue route. The arrow marks inflammatory cells surrounding and infiltrating the nerve near
its exit. The circle and triangle indicate regions studied in further detail by electron microscopy (see Fig. 3 and 4).
(Section [1 wm thick] of epoxy-embedded osmicated tissue counterstained with toluidine blue.)

Y,
SR

AT »
¥ S =

FIG. 3. Electron micrograph of hypoglossal root exit area in lower medulla 4 days gfler‘HSV inoculation by
the tongue route. Intranuclear 100-nm viral capsids are present in astroglial cells. This micrograph was taken
within the circular area shown in Fig. 2.
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FIG. 4. Electron micrographs of hypoglossal nerve
4 days after HSV inoculation by the tongue route.
Arrows mark intra-axonal 100-nm particles which are
morphologically compatible with HSV viral capsids.
These micrographs were taken within the triangular
area marked on Fig. 2.
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HSV antigens by the PAP technique. Figure 5
shows HSV antigens discretely localized to mo-
tor neurons in the hypoglossal nucleus 4 days
after HSV inoculation by the tongue route. It is
unlikely that HSV reached these motor neurons
by the trigeminal route since a diffuse brainstem
encephalitis rarely occurred. Rather, the CNS
infection was restricted to motor neurons in the
corresponding hypoglossal nucleus.

In summary, HSV appears to penetrate the
neuromuscular junction and travel centripetally
in the pure motor hypoglossal nerve. By analogy
to sensory nerves (3, 7, 13, 23), the most likely
mechanism of HSV spread is via retrograde
axonal transport in motor axons. Compatible
with this mechanism is the rapidity of the ascent,
the focal nature of the brainstem neuronal infec-
tion, and the presence of rare particles morpho-
logically compatible with HSV viral capsids in
motor axons (Fig. 4). Viral particles in sensory
axons have been only rarely reported (1, 5).

The lesion at the point of exit of the hypoglos-
sal nerve is also qualitatively similar to the HSV-
induced entry zone lesion reported in trigeminal
roots (8, 9, 19-21). As noted in the sensory
system (19), the Schwann cell basal lamina in the
PNS may act as a barrier to axonal virions.
However, at the PNS-CNS junction, astroglial
foot processes abut directly on the axon. Appar-
ently some intra-axonal virus particles enter
these foot processes, replicate in junctional as-
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troglial cells, and provoke a local inflammatory
response. The analogous process probably oc-
curs in the motor system since we can demon-
strate HSV replication in astroglial nuclei near
the hypoglossal nerve exit (Fig. 3) and inflamma-
tory cells are clustered about the hypoglossal
nerve at the point of exit from the ventral
medulla (Fig. 2).

Varicella-zoster virus does occasionally pro-
duce segmental motor paresis (18), but there is
no clinical evidence in humans that HSV affects
CNS motor centers. Subclinical involvement in
motor neurons remains a possibility. In fact,
such involvement in the hypoglossal system
would not be unexpected since tongue lesions as
shown in Fig. 1 occur commonly in primary
herpes gingivostomatitis (11).

Regardless of the relevance to human infec-
tion, the hypoglossal model has some distinct
advantages in experimental work. HSV latency
is known to occur in the CNS as well as in
ganglia (2, 6, 10), but the cell type, degree of
genome expression, and mechanism of reactiva-
tion in the CNS are unknown. Most studies of
CNS infection have used the trigeminal model.
This model can be cumbersome because (i)
trigeminal neurons are scattered throughout the
brainstem and upper cervical cord, making mo-
lecular and detailed histological studies difficult,
and (ii) latency in the nearby trigeminal ganglia
of the PNS makes it impossible to differentiate in
situ reactivation in CNS trigeminal neurons from
reactivation in ganglia and viral spread to the
CNS. Trigeminal spread also occurs in the hypo-
glossal model (Table 1). However, by exploiting
the motor nerve spread, the hypoglossal model
provides the advantages of an infection in a
discrete, well-localized CNS nucleus with no
corresponding PNS ganglia. Thus, this model is
being used in ongoing studies of reactivation of
latent HSV in the CNS.

We thank J. Richard Baringer for helpful advice and John
Barbano, Elizabeth Bencken, and Robert J. Munn for techni-
cal support.

This work was supported by Public Health Service grant Al-
17065 from the National Institute of Allergy and Infectious
Diseases and by grant 1364-A-1 from the National Multiple
Sclerosis Society.

LITERATURE CITED
1. Baringer, J. R., and P. Swoveland. 1974. Persistent herpes
simplex virus infection in rabbit trigeminal ganglia. Lab.

Invest. 30:230-240.

. Cabrera, C., C. Wohlenberg, H. Openshaw, M. Rey-
Mendez, A. Puga, and A. L. Notkins. 1980. Herpes sim-
plex virus DNA sequences in the central nervous system
in latently infected mice. Nature (London) 288:288-290.

3. Cook, M. L., and J. G. Stevens. 1973. Pathogenesis of

herpetic neuritis and ganglionitis in mice: evidence of

1)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

NOTES 413

intra-axonal transport of infection. Infect. Immun. 7:272—
288.

. Goodpasture, E. W., and O. Teague. 1923. Transmission

of the virus of herpes febralis along nerves in experimen-
tally infected rabbits. J. Med. Res. 44:121-138.

. Hill, T. J., H. J. Field, and A. P. C. Roome. 1972. Intra-

axonal location of herpes simplex virus particles. J. Gen.
Virol. 15:253-255.

. Knotts, F. B., M. L. Cook, and J. G. Stevens. 1973. Latent

herpes simplex virus in the central nervous system of
rabbits and mice. J. Exp. Med. 138:740-744.

. Kristensson, K., E. Lycke, and J. Sjostrand. 1971. Spread

of herpes simplex virus in peripheral nerves. Acta Neuro-
pathol. 17:44-53.

. Kristensson, K., B. Svennerholm, L. Persson, A. Vahlne,

and E. Lycke. 1979. Latent herpes simplex virus trigemi-
nal ganglionic infection in mice and demyelination in the
central nervous system. J. Neurol. Sci. 43:253-264.

. Kristensson, K., A. Vahlne, L. A. Persson, and E. Lycke.

1978. Neural spread of herpes simplex types 1 and 2 in
mice after corneal or subcutaneous (footpad) inoculation.
J. Neurol. Sci. 35:331-340.

Lofgren, K. W., J. G. Stevens, H. S. Marsden, and J. H.
Subak-Sharpe. 1977. Temperature sensitive mutants of
herpes simplex virus differ in the capacity to establish
latent infection in mice. Virology 76:440-443.

Nahmias, A., and S. Starr. 1977. Infections caused by
herpes simplex virus, p. 726-735. In P. Hoeprich (ed.),
Infectious diseases. Second edition. Harper & Row, Pub-
lishers, New York.

Openshaw, H., L. V. S. Asher, C. Wohlenberg, T. Se-
kizawa, and A. L. Notkins. 1979. Acute and latent herpes
simplex virus ganglionic infection: immune control and
viral reactivation. J. Gen. Virol. 44:205-215.

Openshaw, H., L. Stampalia, and L. V. S. Asher. 1978.
Retrograde axoplasmic transport of herpes simplex virus.
Trans. Am. Neurol. Assoc. 103:238-239.

Price, R. W., B. J. Katz, and A. L. Notkins. 1975. Latent
infection of the peripheral ANS with herpes simplex
virus. Nature (London) 257:686-687.

Price, R. W., M. A. Walz, C. Wohlenberg, and A. L.
Notkins. 1975. Latent infection of sensory ganglia with
herpes simplex virus: efficacy of immunization. Science
188:938-940.

Sternberger, L. A. 1979. Immunocytochemistry, p. 129-
171. Prentice-Hall, Inc.. Englewood Cliffs, N.J.

Stevens, J. G., and M. L. Cook. 1971. Latent herpes
simplex virus in spinal ganglia of mice. Science 173:843—
845.

Thomas, J. E., and F. M. Howard, Jr. 1972. Segmental
zoster paresis—a disease profile. Neurology 22:459-466.
Townsend, J. J. 1981. The relationship of astrocytes and
macrophages to CNS demyelination after experimental
herpes simplex virus infection. J. Neuropathol. Exp.
Neurol. 40:369-379.

Townsend, J. J., and J. R. Baringer. 1978. Central nervous
system susceptibility to herpes simplex infection. J. Neu-
ropathol. Exp. Neurol. 37:255-262.

Townsend, J. J., and J. R. Baringer. 1979. Morphology of
CNS disease in immunosuppressed mice after peripheral
HSV inoculation. Lab. Invest. 40:178-182.

Warren, K. G., S. M. Brown, Z. Wroblewska, D. Gilden,
H. Koprowski, and J. Subak-Sharpe. 1978. Isolation of
latent herpes simplex virus from the superior cervical and
vagus ganglions of human beings. N. Engl. J. Med.
298:1068-1069.

Wildy, P. 1967. The progression of herpes simplex virus to
the central nervous system of the mouse. J. Hyg. 65:173-
192.

FIG. 5. Light micrograph of lower medullar showing hypoglossal nucleus in transverse section 4 days after
HSV inoculation by the tongue route. Neuronal fragmentation and neuropil vacuollzathn are present. The
arrows mark immunoperoxidase staining of intraneuronal HSV antigens. Ependymal cells line the central canal

(C) (PAP with hematoxylin counterstain).



