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Neurovirulent strains of herpes simplex virus
type 1 are not necessarily competent for
reactivatable latency.”
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Abstract

Ability of two neurovirulent strains (F and +GC (LPV) Miyama) of herpes simplex virus
type 1 (HSV-1) to establish and maintain reactivatable latency in trigeminal ganglia (TG) was
compared after intranasal inoculation of mice. The +GC (LPV) Miyama strain showed a very
low rate of virus reactivation in explant cultures of TG, while the F strain showed a high rate of
reactivation. These data indicate that neurovirulent strains of HSV-1 are not always competent for
reactivatable latency, although most virulent strains of HSV-1 thus far reported were competent
for reactivatable latency.
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— Brief Note —

Neurovirulent Strains of Herpes Simplex Virus Type 1 are not Necessarily

Competent for Reactivatable Latency

Yujiro Arao*, Atsushi Hatano?, Masao Yamada, Fumio Uno? and Shiro Nii

Department of Virology, Okayama University Medical School, Okayama 700, Japan and °Division
of Clinical Otology, University Hospital, the University of Tokushima, School of Medicine, Toku-
shima 770, Japan and °Niimi Women’s College, Niimi 718, Japan

Ability of two neurovirulent strains (F and +GC (LPV) Miyama) of herpes simplex
virus type 1 (HSV-1) to establish and maintain reactivatable latency in trigeminal
ganglia (TG) was compared after intranasal inoculation of mice. The +GC (LPV)
Miyama strain showed a very low rate of virus reactivation in explant cultures of TG,

while the F strain showed a high rate of reactivation.

These data indicate that

neurovirulent strains of HSV-1 are not always competent for reactivatable latency,
although most virulent strains of HSV-1 thus far reported were, competent for

reactivatable latency.

Key words :

Several animal models have been used to
investigate the mechanism of latent infection of
humans with herpes simplex virus (HSV) (1, 2).
Among them, we have preferentially used a
mouse latency model after intranasal inoculation
(3-5), because it closly simulates the natural
portal of HSV. Viruses grow in nasal mucosal
epithelial cells, travel through trigeminal nerve and
replicate in trigeminal ganglia (T'G). Subsequent
viral spread to the brain and its replication there
cause fatal encephalitis in mice. Difference in
neurovirulence was observed among strains of
HSV type 1 (HSV-1) (3, 6, 7). The latent
herpetic infection was established and maintained
in TG of mice which survive the acute phase of
infection. Reactivation of latent HSV can be
induced artificially (reactivatable) by excising TG
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and explanting them onto Vero cells (In vitro
reactivation) (8). Differences in ability to establish
and maintain reactivatable latency were also ob-
served among strains of HSV-1 (9-18). In the
present study, we attempted to elucidate the
relation between neurovirulence, and the ability to
establish and maintain reactivatable latency shown
by each strain of HSV-1. Our question is
whether or not neurovirulent strains are always
competent for reactivatable latency.

There is, however, a practical difficulty in
investigating reactivatable latency of virulent
strains of HSV-1, because ability of these strains
to establish and maintain reactivatable latency can
be examined only for the mice which survive the
acute phase of infection. Most mice inoculated
with a higher dose of a virulent strain are killed
and only mice inoculated with a lower dose are
available for the assay. To solve this problem,
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some procedure which protects mice against death
in the acute phase is necessary. We reported that
mice infected with an avirulent strain could sur-
vive superinfection with lethal dose of a virulent
strain (4, 5, 7, 19). Accordingly, this procedure
was applied to the present study. Two (virulent
and avirulent) strains reactivated from TG of
dual-infected mice were successfully distinguished
by the differences in cytopathic effects, and the
electrophoretic patterns of their DNA after diges-
tion with a restriction endonuclease.

Two virulent strains, F and +GC (LPV)
Miyama, and an avirulent strain, —GCr Miyama,
were used (4, 5, 7, 20 =23). Preparation of virus
samples and plaque assay for infectivity were
performed as described previously (7, 22).
Five-week-old ICR outbred mice (Charles River
Breeding Laboratories) were used throughout this
study.  Intranasal inoculation of mice was
performed as described previously (4, 5).

In the first experiment (Table 1), mice were
inoculated intranasally with various doses of each
strain ranging from 10%° to 10%% PFU/mouse.
Appearance of neurological symptoms and death
of these mice were observed daily during 4 weeks

Arao et al.

after infection. Animals which survive the acute
phase of infection were used for the assay of virus
reactivation as described previously (20). Briefly,
TG of these mice were excised out aseptically and
explanted onto Vero cell cultures in 24 well
microplates.  Cultures were maintained for 5
weeks and the appearance of cytopathic change
specific for HSV was observed.

The F and +GC (LLPV) Miyama strains were
both virulent as shown by increasing mortality of
infected mice, while —GCr Miyama was
attenuated as shown by constantly low mortality
even at the highest dose tested. These data
obtained by this study were not in conflict with
the average 50 % lethal dose (LLDs,) determined
in several previous experiments (10*° PFU/
mouse for the F strain, 10*! PFU/mouse for the
+GC (LPV) Miyama strain and > 10%° PFU/
mouse for the —GCr Miyama strain) (4, 5). The
rate of reactivation of the F strain increased in a
dose-dependent manner, while the rate of reactiva-
tion of the +GC (LPV) Miyama strain, as well
as that of the —GCr Miyama strain, remained at
a low level even at the highest dose tested.
Therefore, the F strain was virulent and compe-

Table 1 Mortality and reactivatable latency shown by three strains of HSV-1
Virus titers No. of No. of Mortality? No. of No. of TG Rate of
. . : ortality o .
Strains inoculated mice dead %) TG yielding virus
(PFU/mouse) tested mice tested virus reactivation®(%6)

F 1078 10 0 0 10 0 0
10%° 15 5 33 20 1 5

10+ 65 60 92 10 7 70

10°%5 66 63 95 6 6 100

108 10 10 100 0 — —¢

+GC(LPV) 10%® 10 0 0 10 1 10
Miyama 1035 10 3 30 8 1 13
10%° 20 7 35 24 2 8

10%% 30 19 63 22 4 18

108 15 11 73 8 1 13

—GCr 10%° 20 0 0 34 0 0
Miyama 102 10 1 10 16 1 6
1083 20 3 15 32 3 9

a : Mortality= [(No. of dead mice)/ (No. of mice tested)] X100

b : Rate of virus reactivation= [ (No. of TG vyielding virus)/ (No. of TG tested) ]X 100

c¢:—, Not tested
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tent for reactivatable latency, while the +GC
(LPV) Miyama strain was virulent but was lim-
ited in its ability to establish reactivatable latency.

In the second experiment, the ability of two
virulent strains to establish and maintain
reactivatable latency was further examined under
conditions where most mice inoculated with lethal
dose of a virulent strain could survive. This was
accomplished by the inoculation with an
attenuated strain at 24 hours prior to the challenge
of virulent strains. In this way, the rate of virus
reactivation could be examined in a greater num-
ber of mice after inoculation with a higher dose of
a virulent strain, making a more precise analysis
possible.

Mice were infected intranasally with 10°°
PFU/mouse of the attenuated —GCr Miyama
strain, or the same amount of Eagle’s minimum
essential medium (negative control) 24hours
before inoculation with virulent strains. Then, the
mice were infected with either of the two virulent
strains at a dose equivalent to 10 LD;,. As
shown in Table 2, the preinoculation with the
attenuated strain reduced the mortality of mice
infected with either of two virulent strains from
90% to 10% and 90% to 0%, respectively.
Drastic reduction of the mortality enabled us to
examine the rate of virus reactivation in TG of a
majority of the infected mice.

Virus reactivation was observed in 57 % of
TG of mice dually infected with —GCr Miyama
and F. All eight virus isolates reactivated from
these TG were identified as the F strain by
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analysis of viral DNA digested with restriction
endonuclease, BamHI (Fig. 1). Viruses were
reactivated from 2 out of 14 TG (14 %) of mice
dually infected with —GCr Miyama and +GC
(LPV) Miyama. One of these was the +GC
(LPV) Miyama strain and the other was the
—GCr Miyama strain, as judged from the
difference in the ability to induce syncytium
between the two variants of the Miyama strain

1 2 3 4 5 6 7 8 9 10

“He - ¥17 YET W

i

Fig. 1 Restriction endonuclease analysis of viruses reactivated
from 8 explant cultures of TG of mice dually infected with the
—GCr Miyama and F strains of HSV-1. Viral DNA was purified
by the method of Hirt (24) and digested with BamHI. Restricted
viral DNA was electrophoresed in 0.6 % agarose gel with a
tris-borate buffer (25). Lane 1, —GCr Miyama; lane 2-9, viruses
reactivated from 8 explant cultures of TG;lane 10, F. Arrows
indicate differences in electrophoretic patterns between —GCr
Miyama and F.

Table 2 Mortality and reactivatable latency shown by two virulent strains of HSV-1 in mice preinoculated with the —GCr Miyama
strain of HSV-1
Preinoculation No. of No. of Mortalitv® No. of No. of TG Rate of
Strains of the —GCr mice dead ©%) ¥ TG vielding virus
Miyama strain tested mice 0 tested virus reactivation®(%)
F - 10 9 90 —e —e —e
+ 10 1 10 14 8 57
+GC({LPV) - 10 9 90 —¢ —¢ —
Miyama + 10 0 0 14 2 14

a : Mortality="[(No. of dead mice)/ (No. of mice tested)] X 100

b : Rate of virus reactivation= [ (No. of TG yielding virus)/ (No. of TG tested) ] X 100

¢ :—, Not tested
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(22, 23). These results confirmed that the ability
of the +GC (LPV) Miyama strain to establish
and maintain reactivatable latency was very
restricted.

In the present study, we compared the ability
of the two virulent strains of HSV-1 to establish
and maintain reactivatable latency in two separate
experiments. One was done by examining the
mortality of mice and the rate of virus reactivation
after intranasal inoculation with various doses of
either strain ranging from 10*° to 10%° PFU/
mouse. The other was done by examining the
rate of virus reactivation in TG of mice which
survived 10 L.D;, equivalent of either of the two
virulent strains by preinoculation with an attenuat-
ed strain at 24h before the challenge of the
virulent strain. Although this approach is rather
artificial, it is worth trying because most of the
primary infections of humans with HSV are
subclinical or self-limiting and not fatal. In
addition, we have the evidence that dual infections
do not affect the rate of virus reactivation of each
strain (manuscript in preparation).

The wild strains of HSV were neurovirulent
and competent for reactivatable latency. On the
other hand, all mutants which were limited for
reactivatable latency were also avirulent (9-17).
Therefore, it was speculated that the decrease in
neurovirulence for any virus strain is prerequisite
for its limited ability to establish and maintain
reactivatable latency. As far as we know, the
+ GC (LPV) Miyama is the only strain which is
neurovirulent but has a limited ability to establish
reactivatable latency.

Mutations in several genes of HSV including
thymidine kinase, ribonucleotide reductase and
immediate early gene ICPO were reported to be
responsible for both reduction of neurovirulence
and restriction of reactivatable latency of the virus
(9-17). Mutations in the other genes including
DNA polymerase were reported to reduce
neurovirulence, but not affect the ability of
reactivatable latency (12). In conjunction with

these reports, two possible genetic explanations
for the unique phenotype of the +GC (LPV)
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Miyama strain can be considered. One is that a
single mutation which restricts reactivatable
latency, but does not affect the neurovirulence,
might have occurred on a locus quite different
from the gene thus far reported. The other
possibility is that the +GC (LPV) Miyama strain
has experienced two mutations. The first muta-
tion in a gene such as thymidine kinase, ribonu-
cleotide reductase and ICPO might have reduced
both neurovirulence and reactivatable latency.
The second mutation which somehow restores
neurovirulence alone might occur within or out-
side of these genes.

In conclusion, we demonstrated that neurovir-
ulent strains of HSV-1 are not always competent
for reactivatable latency. Further study is neces-
sary to define the mutations responsible for the
unique phenotype of the +GC (LPV) Miyama
strain and this study will provide new information
about viral factors which are essential for acute
and latent infections of HSV-1.

Acknowledgements. This work was partly supported by a
Grant-in-Aid for Scientific Research (C) (No. 6357021) and a
Grant-in-Aid for Co-operative Research (A) (No. 63304037) from
the Ministry of Education, Science and Culture of Japan.

References

1. Mims CA and White DO: Persistent infection; in Viral
Pathogenesis and Immunology, Mims and White eds,
Blackwell, Oxford (1984) pp 200-253.

2. Roizman B and Sears AE: An inquiry into the mechanisms
of herpes simplex virus latency. Ann Rev Microbiol (1987)
41, 543-571.

3. Richards JT, Kern ER, Overall JC Jr and Glasgow LA:
Differences in neurovirulence among isolates of herpes
simplex virus types 1 and 2 in mice using four routes of
infection. J Infect Dis (1981) 144, 464~471.

4. Hatano A:Intranasal infection of ICR mice with herpes
simplex virus type 1. J Otolaryngol Jpn (1989) 92, 579-587
(in Japanese).

5. Hatano A, Araoc Y and Nii S: Pathogenicity of herpes
simplex virus type 1 in mice after the intranasal route of
inoculation. Proceeding of XIV Congress of Otorhinolaryn-
gology Head and Neck Surgery (in press).

6. Dix RD, Mckendall RR and Baringer JR:Comparative
neurovirulence of herpes simplex virus type 1 strains after
peripheral or intracerebral inoculation of BALB/c mice.



10.

11.

12.

13.

14.

15.

16.

Arao et a.: Neurovirulent strains of herpes simplex virustype 1 are not

Neurovirulence and Latency of HSV-1

Infect Immun (1983) 40, 103-112.

Yamada M, Uno F and Nii S: In vitro cytopathology and
pathogenicity to inbred mice shown by five variants of a
laboratory strain of type 1 herpes simplex virus. Arch Virol
(1986) 90, 183-196.

Stevens JD, Nesburn AB and Cook ML: Latent herpes
simplex virus from trigeminal ganglia of rabbits with recur-
rent eye infection. Nature (1972) 235, 216-217.

Field HJ and Wildy P:The pathogenicity of thymidine
kinase-deficient mutants of herpes simplex virus in mice. J
Hyg Camb (1978) 81, 267-277.

Tenser RB, Miller RL. and Rapp F': Trigeminal ganglion
infection by thymidine kinase-negative mutants of herpes
simplex virus. Science (1979) 205, 915-917.

Field HJ and Darby G: Pathogenicity in mice of strains of
herpes simplex virus which are resistant to acyclovir in vitro
and in vivo. Antimicrob Agents Chemother (1980) 17, 209
-216.

Klein RJ, Friedman-Kien AE and Destefano E: Path-
ogenesis of experimental skin infections induced by drug-
resistant herpes simplex virus mutants. Infect Immun (1981)
34, 693-701.

Meignier B, Longnecker R, Mavromara-Nazos P, Sears AE
and Roizman B: Virulence of and establishment of latency
by genetically engineered deletion mutants of herpes simplex
virus 1. Virology (1988) 162, 251-254.

Coen DM, Kosz-Vnenchak M, Jacobson JG, Leib DA,
Bogard CL, Schaffer PA, Tyler KL and Knipe DM:
Thymidine kinase-nagative herpes simplex virus mutants
establish latency in mouse trigeminal ganglia but do not
reactivate. Proc Natl Acad Sci USA (1989) 86, 4736-4740.
Efstathiou S, Kemp S, Darby G and Minson AC: The role
of herpes simplex virus type 1 thymidine kinase in path-
ogenesis. J Gen Virol (1989) 70, 869-879.

Jacobson JG, Leib DA, Goldstein DJ, Bogard CL, Schaffer
PA, Weller SK and Coen DM: A herpes simplex virus

Produced by The Berkeley Electronic Press, 1991

17.

18.

19.

20.

2L

22.

23.

24.

25.

121

ribonucleotide reductase deletion mutant defective for pro-
ductive acute and reactivatable latent infections of mice and
for replication in mouse cells. Virology (1989) 173, 276-
283.

Leib DA, Coen DM, Bogard CL, Hicks KA, Yager DR,
Knipe DM, Tyler KL and Schaffer PA: Immediate-early
regulatory gene mutants define different stages in the estab-
lishment and reactivation of herpes simplex virus latency. J
Virol (1989) 63, 759-768.

Arao Y: Usefulness of avirulent strains for investigation of
latent infection of herpes simplex virus type 1. Okayama
Igakukai Zasshi (1990) 102, 1253-1259 (in Japanese).
Yamada M, Arao Y, Uno F and Nii S: Mechanism of
differences in pathogenicity between two variants of a labora-
tory strain of herpes simplex virus type 1. Microbiol
Tmmunol (1986) 30, 1259-1270.

Yamada M, Arao Y, Hatano A, Uno F and Nii S: Effect of
recombinant mouse interferon-3 on acute and latent herpes
simplex infection in mice. Arch Virol (1988) 99, 101-109.
Nii S and Kamahora J: Studies on the growth of a newly
isolated herpes simplex virus in vitro. Biken J (1961) 4,75
-96.

Nii S: Plaque formation by three variants of the Miyama
strain of herpes simplex virus. Biken J (1969) 12, 251-255.
Nii S, Yamada M and Uno F: Giant cell-forming variants of
the Miyama strain of type 1 herpes simplex virus which
differ in fusion activity. Biken J (1983) 26, 127-131.

Hirt B: Selective extraction of polyoma DNA from infected
mouse cell. J Mol Biol (1967) 26, 365-369.

Sambrook J, Fritsch EF and Maniatis T': Molecular Clon-
ing: A Laboratory Manual. 2nd Ed. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY (1989) pp 6.1-
6.62.

Received October 31, 1990; accepted November 20, 1990.



