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Abstract

The efficacy of recombinant human interferon o B/D in experimental HSV-1 encephalitis was investigated in the
murine system. Recombinant Hu-IFN-o B/D significantly reduced the mortality in a mouse encephalitis model (about
30%, P =0.021), whereas natural mouse interferon was inactive. Combination of acyclovir with Hu-IFN-o B/D had
an additive effect. © 1999 Elsevier Science B.V. All rights reserved.
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HSV causes a broad spectrum of disorders
ranging from asymptomatic infection to life
threatening diseases (e.g. neonatal sepsis, en-
cephalitis) (Whitley, 1988). Antiviral drugs like
acyclovir (ACV) have demonstrated efficacy in
HSYV encephalitis, but are still not optimal (Skold-
enberg et al., 1984; Whitley et al., 1986). The
remaining mortality in ACV treated patients is
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about 20-30%, and 50% of the survivors are
neurogically damaged.

Interferons are potent antiviral substances
(Chatterjee et al., 1985; Chatterjee and Burns,
1990) which may offer therapeutic benefits, partic-
ularly in combination with nucleoside analogues
(Stanwick et al., 1981; Moran et al., 1985). Benefi-
cial effects of interferon therapy in HSV infections
were observed in an HSV-2 sepsis model with
mouse o or B interferon in combination with
DHPG (Fraser-Smith et al., 1984a,b), in an HSV-
1 skin infection model with interferon oo A/D and
acyclovir (Cerruti et al., 1985) and in an HSV-1
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pneumonia model with Hu-IFN-o B/D (Gangemi
et al., 1989). However, the in vivo efficacy in
HSV-1 encephalitis is not well-established. Re-
ports with interferon inducers in HSV-1 en-
cephalitis are contradictory (Catalano et al., 1972;
Fitzwilliam and Griffith, 1976). In a study of De
Clercq and Luczak (1976) mouse interferon did
not alter the course of disease. Recently, we and
others demonstrated the cross-species activity of
the rHu-IFN-a B/D against HSV-1 replication in
mouse fibroblast cells (Horisberger and De Star-
itzky, 1987; Chatterjee and Burns, 1990; Winterg-

erst et al, 1996). In an extension of a
O 2nd Experiment
100
9%
80
o]
z 6
5 50
E 40
S 30
20
10

0 5 75 15 20 30 60
mg/kg/d ACV

Fig. 1. Effect of different doses of acyclovir on the mortality of
mice infected intranasally with HSV-I (results of two indepen-
dent experiments).

Table 1

Effect of interferons and combination therapy of interferon
with acyclovir on the mortality of mice infected intranasally
with HSV-1 (n =30)

Treatment Mortality P-value MDD¢

Placebo 28/30 (93%) - 6.4

Mouse 13/15 (87%) N.s.d 6.2
interferon®

Hu-IFN-o. B/D*  20/30 (67%) 0.021¢ 7.1

ACV® 22/30 (73%)  N.s. (0.08°) 8.2

Hu-IFN-o B/ 14/30 (47%) N.s. (0.06, 8.0
D+ACV 0.19¢)

22x 100 000 IU/day i.p. for 5 days.

® 1 x7.5 mg/kg/day for 5 days.

°¢MDD: mean day of death (n.s. vs. placebo).
4 N.s.: not significant.

¢ Compared with placebo.

f Compared with ACV.

€ Compared with Hu-IFN-o B/D.

retrospective study which indicated some benefi-
cial effect of human B interferon in HSV en-
cephalitis in  humans (Wintergerst and
Belohradsky, 1992) we investigated the effect of
rHu-IFN-a B/D with and without acyclovir on
HSV-1 replication in a mouse encephalitis model.
Additionally, natural mouse interferon was used
as a control.

To determine the in vivo efficacy of rHu-IFN-a
B/D, 3-week-old swiss webster mice were infected
intranasally with the neurotropic HSV-1 strain
E-377 (Moran et al., 1985) as a model for herpes
simplex encephalitis (De Clercq and Luczak,
1976). Each animal was inoculated with approxi-
mately 2 x 10° pfu and the volume of the inocu-
lum was 40 pl. The LDy, for that virus was
1.5 x 10* pfu.

Treatment was initiated either 24 or 48 h after
infection. Interferons (rHu-IFN-oo B/D or mouse
interferon) and acyclovir (ACV) were adminis-
tered intraperitoneally for 5 days. The doses for
both interferons were 2 x 3300, 2 x 10000, 2 x
33000, and 100000 U/day. ACV was adminis-
tered with increasing doses beginning at 5-60
mg/kg/day once daily.

Mortality was checked daily for 21 days. For
statistical analysis, Fisher’s exact test and two-
sided P-values were used. In addition, combina-
tion therapy of rHu-IFN-a B/D, mouse interferon
and acyclovir was also investigated.

Recombinant Hu-IFN-a0 B/D, but not mouse
interferon, reduced significantly the mortality in
mice when treatment was initiated 24 h after
infection at a dose of 2 x 100000 U/day (Table 1,
P =0.021). In addition, the mean day of death
was somewhat increased in the rHu-IFN-o B/D
group vs. placebo but did not reach significance.
Doses of rHu-IFN-a B/D less than 2 x 100000
IU/day and treatment started at 48 h after infec-
tion were not effective (data not shown). This
effect is remarkable because the human interferon
o B/D was more effective than the natural mouse
interferon. In a previous study from De Clercq’s
laboratory natural mouse interferon (105-106 IU/
mouse) also failed to protect HSV-1-infected mice
when given 24 h after intranasal infection (De
Clercq and Luczak, 1976). In this study similar
doses of interferon (approximately 10 x 106 U/kg)
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were used. It is well-known that most interferons
cross the blood—brain barrier only to a small
extent. One reason for the better activity of rHu-
IFN-o B/D might be that it penetrates somewhat
better through the blood-brain barrier than
mouse interferon. However, at present we have no
experimental data to support this hypothesis.

ACV monotherapy reduced the mortality in a
dose-dependent manner (Fig. 1). The mortality
was reduced by 50% at a dose of 15-30 mg/kg/
day, i.e. quite similarly to a study of Smee et al.
(1985) where 40% of mice intracerebrally infected
with HSV-1 survived following ACV monother-
apy at a dose of 40 mg/kg/day. The slight differ-
ences between this study and our results might be
explained by the different routes used for HSV-1
infection and drug administration. Smee et al.
(1985) administered acyclovir subcutaneously and
not intraperitoneally.

In combination with a ACV dose of 7.5 mg/kg/
day, which led reproducibly to a mortality rate of
60-70%, rHu-a B/D appeared to have an additive
effect (Table 1). Exact calculations for synergy,
however, could not be performed because no
dose—effect relationship could be established for
rHu-o B/D-IFN.

Our findings suggest that recombinant human
interferon (rHu-IFN-o B/D) may modify the
course of HSV-1 encephalitis in humans.

Acknowledgements

We thank the Walter-Marget-Foundation for
Infectious Diseases for support of a fellowship at
the University of Alabama at Birmingham where
this work was done. We thank Dr Heinz-Kurt
Hochkeppel (Ciba-Geigy, Basel, Switzerland) for
rHu-IFN-o B/D, and P. Vogt and J. Palmer for
excellent technical help. Mouse interferon (o + B)
was purchased from Lee Biomolecular Research
Inc. (San Diego, CA).

References

Catalano, L.W., London, W.T., Rice, J.M., Sever, J.L., 1972.
Prophylactic and therapeutic use of Poly(I) Poly (C) (Poly-

D-lysine) against Herpes virus encephalitis in mice. Proc.
Soc. Exp. Biol. Med. 140, 67-71.

Cerruti, R.L., Connell, E.V., Trown, P.W., Sim, S., 1985.
Synergistic interaction between interferon-o. and acyclovir
in the treatment of Herpes simplex virus type 1 infection in
mice. Antiviral Res. S1, 217-223.

Chatterjee, S., Hunter, E., Whitley, R.J., 1985. Effect of
cloned human interferons on protein synthesis and mor-
phogenesis of herpes simplex virus. J. Virol. 56, 419-425.

Chatterjee, S., Burns, P., 1990. Expression of herpes simplex
virus type 1 glycoproteins in interferon-treated human
neuroblastoma cells. J. Virol. 64, 5209-5213.

De Clercq, E., Luczak, M., 1976. Intranasal challenge of mice
with Herpes simplex virus: an experimental model for
evaluation of the efficacy of antiviral drugs. J. Infect. Dis.
133, A226-A236.

Fitzwilliam, J.F., Griffith, J.F., 1976. Experimental encephali-
tis caused by Herpes simplex virus: comparison of treat-
ment with Tilorone Hydrochloride and Phosphonoacetic
acid. J. Infect. Dis. 133, A221-A225.

Fraser-Smith, E.B., Eppstein, D.A., Marsh, Y.V., Matthews,
T.R., 1984a. Enhanced efficacy of the acyclic nucleoside
9-(1,3-dihydroxy-2-propoxymethyl) guanine in combina-
tion with alpha-interferon against Herpes simplex virus
type 2 in mice. Antimicrob. Agents Chemother. 26, 937—
938.

Fraser-Smith, E.B., Eppstein, D.A., Marsh, Y.V., Matthews,
T.R., 1984b. Enhanced efficacy of the acyclic nucleoside
9-(1,3-dihydroxy-2-propoxymethyl) guanine in combina-
tion with beta-interferon against Herpes simplex virus type
2 in mice. Antimicrob. Agents Chemother. 25, 563-565.

Gangemi, J.D., Lazdins, J., Dietrich, F.M., Matter, A., Pon-
cioni, B., Hochkeppel, H.-K., 1989. Antiviral activity of a
novel recombinant human interferon-o B/D hybrid. J.
Interferon Res. 9, 227-237.

Horisberger, M.A., De Staritzky, K., 1987. A recombinant
human interferon-o B/D hybrid with a broad host-range. J.
Gen. Virol. 68, 945-948.

Moran, D.M., Kern, E.R., Overall, J.C., 1985. Synergism
between recombinant human interferon and nucleoside
antiviral agents against Herpes simplex virus: Examination
with an automated microtiter plate assay. J. Infect. Dis.
151, 1116-1122.

Skoldenberg, B., Forsgren, M., Alestig, K., Bergstrom, T.,
Burman, L., Dahlquist, E., Forkman, A., Fryden, A.,
Lovgren, K., Norlin, K., Norrby, R., Olding-Stenkvist, E.,
Stiernstedt, G., Uhnoo, 1., De Vahl, K., 1984. Acyclovir
versus vidarabine in herpes simplex encephalitis. Lancet i,
707-711.

Smee, D.F., Campbell, N.L., Matthews, T.R., 1985. Compara-
tive anti-herpesvirus activities of 9-(1,3-dihydroxy-2-pro-
poxymethyl) guanine, acyclovir, and two
2'-fluoropyrimidine nucleosides. Antiviral Res. 5, 259-267.

Stanwick, T.L., Schinazi, R., Campbell, D.E., Nahmias, A.J.,
1981. Combined antiviral effect of interferon and acyclovir
on herpes simplex virus type 1 and 2. Antimicrob. Agents
Chemother. 19, 672—-674.



78 U. Wintergerst et al. / Antiviral Research 44 (1999) 75-78

Whitley, R.J., 1988. Herpes simplex virus infections of Wintergerst, U.and, Belohradsky, B.H., 1992. Acyclovir versus
the central nervous system. Am. J. Med. 85 (suppl 2a), the combination acyclovir plus beta-interferon in focal
61-67. viral encephalitis. Infection 20, 207-212.

Whitley, R.J., Alford, C.A., Hirsch, M.S., Schooley, R.T., Wintergerst, U., Gangemi, J.D., Kern, E.R., Whitley, R.J.,
Luby, J.P., Aoki, F.Y., Hanley, D., Nahmias, A.J., Chatterjee, S., 1996. Differential effect of recombinant
Seng-Jaw, S., 1986. Vidarabine vs. acyclovir therapy in human and mouse interferons on replication of herpes
herpes simplex encephalitis. N. Engl. J. Med. 314, 144 simplex virus type 1 in mouse cells. Antiviral Res. 32,

149. 27-34.



