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Successful treatment of experimental B virus (Herpesvirus
simiae) infection with acyclovir

E A BOULTER, B THORNTON, D JBAUER, A BYE

Summary and conclusions

The efficacy of the new nucleoside analogue acyclovir
against B virus (Herpesvirus simiae) was investigated
in rabbits and Vero cells infected with 2-136 and 0-3-
1.0 TCD;, of the virus respectively.

In the Vero cells 1 mg of acyclovir/l reduced the yield
of virus by 90%, which was slightly less than the effect
on herpes simplex virus. Results in the rabbits varied
with the interval between doses, duration of treatment,
and delay before starting treatment. Acyclovir controlled
an otherwise lethal infection when given not less than
eight-hourly for 14 days. Withdrawing treatment after
9-10 days resulted in late-onset fatal disease in some
rabbits. Treatment begun within 24 hours after infection
gave complete protection, and rabbits first treated up to
five days after infection showed a significant reduction
in mortality (p< 0-001).

The plasma half life of acyclovir is twice as long in
man as in rabbits and progression of the disease is
much slower. Hence acyclovir may be useful for post-
exposure prophylaxis against B virus infection in man
and possibly also for treatment of the disease.

Introduction

Infection with B virus (Herpesvirus simiae) resulting from contact
with macaque monkeys or their tissues rarely occurs but is
almost invariably fatal; out of 24 reported cases, only one
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patient made a reasonable recovery,! though three others
survived with severe neurological sequelae. The Medical
Research Council has therefore established a special unit at the
Microbiological Research Establishment to investigate the
disease, including possible approaches to prophylaxis and
treatment. Several antiviral agents have been tested both in
vitro and in vivo. For the in-vivo studies rabbits have been
used; rabbits respond to subcutaneous injection of small
amounts of virus with a fatal ascending encephalomyelitis that
is closely similar to the disease in man after a bite from an
infected monkey. Adenine arabinoside (vidarabine) was the
most active antiviral compound in early in-vitro tests, but
pronounced depression of viral replication occurred only with
high concentrations of the drug. Thus, as expected, vidarabine
had little effect on mortality in rabbits infected with B virus,
though survival was prolonged if treatment was begun
immediately after infection.

The new nucleoside analogue acyclovir (acycloguanosine;
9-(2-hydroxyethoxymethyl) guanine; Burroughs Wellcome Co)
is highly active against several herpesviruses both in vitro and
in various animals.?¢ It was also effective in human corneal
ulcers caused by herpes simplex virus? and in pneumonia that
developed in an immunocompromised boy a few days after the
onset of severe and extensive herpes labialis.® We describe
experiments suggesting that acyclovir will be useful in post-
exposure prophylaxis against B virus infection in man and
possibly for treating clinically evident disease.

Materials and methods

All manipulation of materials infected with B virus was carried
out in completely enclosed class III safety cabinets. Culture flasks
and other apparatus were disinfected by swabbing with 29, sodium
hypochlorite solution (Chloros) before removal from the cabinet for
incubation or other procedures. Culture medium was buffered with
HEPES (N-2-hydroxyethylpiperazine-N!-2-ethanesulphonate) to
avoid the need to flush cultures with carbon dioxide.

Yield-reduction test—Confluent monolayers of Vero cells in 25 cm?
plastic flasks were infected with 0-3-1-0 TCDj, of B virus/cell. The
infected monolayers were washed and covered with 3 ml of medium
containing appropriate concentrations of antiviral compound. After
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incubation for 18 hours the contents of each flask were harvested and
titrated in 96-well, flat-bottomed microplates, using 10 wells for each
ten-fold dilution of virus. The wells were examined three days later
for viral cytopathic effect; the titre was taken as that producing
cytopathic effect in 50°; of the wells and was calculated as described. ?

Animal studies—Half-lop rabbits were inoculated subcutaneously in
the right thigh with 0-1 ml of suitably diluted virus; the inoculum
was titrated as above. The freeze-dried sodium salt of acyclovir was
reconstituted in sterile distilled water and inoculated into a suitable
ear vein. Repeated injections tended to induce thrombosis of these
veins, ‘which was overcome to a large extent by inserting a 22-gauge
Abbocath-T catheter fitted with a male adaptor plug (Abbott
Laboratories) under anaesthesia induced with alphaxalone-alphadolone
acetate (Althesin). After each dose of drug the catheter was flushed
with phosphate-buffered saline followed by saline containing 20 X
10® units of heparin/l. Catheters remained open for several days;
when thrombosis occurred they were removed and fresh ones inserted
into another vein. Occasionally, when no suitable vein was available,
the drug was administered intraperitoneally. Although the drug was
well tolerated by this route despite its high pH, repeated intra-
peritoneal injections led to several deaths from trauma to the
intestines; these animals were excluded from the experiments and
account for the small numbers in some groups in table I.

Acyclovir assay—Plasma acyclovir concentrations were determined
by radioimmunoassay.'®

Results and discussion

Figure 1 shows the mean depression of titres when virus was grown
in different concentrations of acyclovir. Results of similar experiments
with vidarabine are shown for comparison. Acyclovir was clearly
more active than vidarabine; as little as 1 mg/l reduced the 18-hour
yield of B virus by 909%,. B virus was not quite as sensitive as herpes
simplex virus to acyclovir.
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FIG 1—Comparative activities of acyclovir ( ) and
vidarabine (— — — —) against herpes simplex (@) and B
(©) viruses.
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FIG 2—Experiment 3. Delayed disease seen when acyclovir
given to rabbits with experimental B virus infection was stopped
on day 9. « T »=Duration of treatment with acyclovir. E=
Erythema at inoculation site. Pap=Papule. U=Ulcer. MP=
Monoplegia. PP =Paraplegia. D =Died. S = Survived.

Before the highly soluble sodium salt of acyclovir became. available
a few experiments were conducted on rabbits with the poorly soluble
parent compound. A suspension containing 5 g/l was inoculated
intraperitoneally over five days, beginning immediately after infection.
A daily dose of 40 mg/kg given in two divided doses during the
working day reduced the mortality slightly but significantly (p < 0-05)
from 79°, in 14 untreated controls to 409, in 20 treated rabbits. The
mean survival time of rabbits that died increased from a control
value of 10-6 days to 16-9 days.

Table I gives the results of seven experiments with different
treatment schedules of the sodium salt of acyclovir. In all experiments
except the first, in which a low dose of virus was used, all untreated
control rabbits died. Three important factors emerged in the treatment
schedules—namely, the interval between doses, the duration of
treatment, and the delay before starting treatment. In the first two
experiments the regimen adopted with the parent compound was
used, and the results were similar to those of the earlier experiments
despite increasing the dosage to 100 mg/kg/day. This schedule
included alternate intervals of seven and 17 hours between doses, with
the probability that the circulating drug would fall below a therapeutic
concentration for a large part of the longer interval. In experiment 3
the treatment interval was reduced to six hours and the duration
extended to 10 days; the dosage in this and subsequent experiments
was also increased to 200 mg/kg/day. Although not evident from
table I, the effects of these changes were remarkable. Figure 2 gives
the details of this experiment. When treatment was stopped on day 9,
six of the seven treated rabbits were apparently normal, whereas all
but one of the control rabbits were either dead or severely paralysed.
Rabbit 2 had slight erythema at the inoculation site, but treatment
of this animal was stopped on day 4 when it removed the cannula
from its last suitable ear vein. The other six treated rabbits remained
well until day 14, when three of them developed the first signs of an
ultimately fatal disease. Interestingly the five-day gap between the end

TABLE 1—Numbers of deaths in rabbits beginning different treatment regimens with sodium salt of acyclovir up to five days after infection with B virus. (Figures in

parentheses are mean survival times in days of rabbits that died)

Treatment regimen

Time of beginning treatment (days after infection)

Virus
Experiment  dose Daily Dose Duration 0 1 2 3 4 5 Untreated
No (TCDs,) dose interval (days) controls
. (mg/kg) (hours)
1 2 20 * 5 3/5 (16N} 0/5 5/9 (11-5)
2 40 100 * 5 6/9 (17-5) 8/10 (14-8) 9/9 (12-8)
3 96 200 6 10 2/4 (17-5)% 2/3 (17-0) 7/7 11°7)
4 115 200 8 14 0/4 0/3 0/3 5/5 (10-2)
5 65 200 8 14 2/5 (17-0) 2/5 (13-0) 6/6 (10-5)
6 136 200 8 14 3/4 (147) 4/4 (11-3) 2/4 (13-0) 6/6 (10-0)
7 120 200 8, 12+ 14 1/3 (19-0) 0/2 2/2 (23-0) 5/5 (11-4)
Summation of experiments 4-7 1/7§ (19-0) 1" 0/58§ 2/2 (23-0)§ 5/12§ (15-6), 4/4 (11'3) 4/9§ (13-0) 22/22 (11-0)

*Twice daily, at 0900 and 1600. .
tTreated every eight hours for 10 days, then every 12 hours (see text).
$Significantly different from controls (p < 0-05). ’

§Very highly significantly different from controls (p <0-001).
Highly significantly different from controls (p <0-01).
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TABLE 11—Rabbit plasma acyclovir concentrations at various times after intravenous doses of 200 mg|kg daily given either eight-hourly or 12-hourly

Dosage given eight-hourly

Dosage given 12-hourly

Rabbit A Rabbit B Rabbit C Rabbit D Rabbit E Rabbit F
(weight 3-8 kg; dose 253 mg) (weight 3-7 kg; dose 247 mg) (weight 2-8 kg; dose 187 mg) (weight 2-6 kg; dose 260 mg) (weight 2-8 kg; dose 280 mg) (weight 2-8 kg; dose 280 mg)
Time Drug Time . D Time Drug Time Drug Time Drug Time Drug
after dose concentration after dose concentration after dose concentration after dose  concentration after dose concentration after dose concentration
(min) (mg/1) (min) (mg/l) (min) (mg/1 (min mg/l (min) (mg/l) (min) m,
1 499 1 564 1 45 1 555 1 653 1 73
28 89 23 96 30 568 19 175 15 156 30 95
67 64 62 81 60 23 58 131 55 97 60 35
99 41 92 59 90 22 90 82 87 56 90 35
125 24 119 44 120 18 116 68 114 40 120 25
182 15 Died 180 23* Died 167 22 180 16
302 63 : 300 45 286 9:5 300 12
417 36 420 25 401 43 420 59

*Sample haemolysed.

of treatment and the first signs of illness was identical with the
incubation period in four of the seven control rabbits. Acyclovir
had apparently suppressed viral replication during the 10-day course
but not eliminated the virus.

In subsequent experiments extending treatment to 14 days pre-
vented the late-onset disease seen in experiment 3. There was an
apparent exception in experiment 7, in which one of the three rabbits
treated from the time of infection and two rabbits treated from 48
hours after infection had late-onset disease. In this experiment,
however, there was an enforced change in the treatment regimen:
for the first 10 days treatment was given eight-hourly but, because of
illness in one of the investigators, subsequent doses were given every
12 hours. As discussed below, probably circulating acyclovir was
maintained above effective antiviral concentrations only during the
first 10 days, so that conditions resembled those in experiment 3.
Since with the exception of experiment 7 the treatment regimen was
standardised in the last four experiments their results are collated in
table I. Acyclovir was highly effective against B virus infection when
treatment began within 24 hours after infection. Except for four
rabbits in experiment 6 whose treatment was delayed until the
fourth day of infection there was a pronounced reduction in mortality,
even with delays of up to five days before starting treatment. The
mean survival time of rabbits that died was also significantly prolonged
when treatment was begun within three days after infection, but not
beyond this point.

The radioimmunoassay for acyclovir!® became available after the
above experiments were completed. Table II shows the plasma
concentrations at intervals after single doses of acyclovir corresponding
to the eight-hourly and 12-hourly schedules of 200 mg/kg/day. The
drug was rapidly distributed into an apparent mean volume of
1-7 1/kg, which exceeded the total body water volume. Pharmaco-
kinetic data suggested a terminal half life of about two hours. We do
not know the concentration of acyclovir needed to control viral
replication in vivo, but 1-10 mg/1 greatly depressed viral replication
in vitro (fig 1). Plasma concentrations of 10 mg/l would have been
present for about four hours in rabbits treated eight-hourly and for
about five hours in those treated 12-hourly. Despite the initially
higher plasma concentrations observed with the 12-hourly schedule
they would be below 10 mg/l for periods nearly double that occurring
with an eight-hourly schedule. The late-onset disease occurring in
experiment 7 suggests that circulating acyclovir falls below an effective
antiviral concentration in a 12-hourly schedule and that sustaining
an effective plasma concentration of the drug is important in con-
trolling viral replication.

The rapid progression through paresis and paralysis to death, once
signs of illness develop, makes this rabbit model of B virus infection
unsuitable for therapeutic studies in which treatment is begun after
the onset of clinical signs. Nevertheless, evidence that acyclovir can
arrest the progression of virus within the central nervous system
was obtained in experiment 5. Two of the three surviving rabbits in
the group treated five days after infection developed an ascending
myelitis that was arrested at the paraplegic stage. Despite their
paraplegia, these animals regained vigour, could move around their
cages, and ate and drank normally. Such arrest of viral infection of the
central nervous system has not been observed by us with any other
agent.

The minimum daily dose required for successful treatment was
not established in our experiments, as the dose was progressively
increased along with other alterations to the treatment regimen. The
200 mg/kg/day used in later experiments was large compared with
the 50 mg/kg/daily* and 100 mg/kg daily® used for herpes simplex
virus in mice and with the 15 mg/kg daily used to treat pneumonia

due to herpes simplex virus in an immunocompromised boy.?
Although B virus is more resistant than herpes simplex virus to
acyclovir, probably daily doses below 200 mg/kg would be effective.
Acyclovir is remarkably free from toxicity, and daily doses of 450 mg/
kg given to mice for 30 days had no apparent toxic effects.®

Conclusion

Our results suggest that successful treatment with acyclovir
depends on three aspects of the treatment schedule. Firstly, an
antiviral concentration must be maintained in the plasma by
giving the drug at suitably short intervals, or even by constant
intravenous infusion after a loading dose. Secondly, treatment
must continue for at least 14 days. Finally, the earlier treatment is
begun the better the results are likely to be, though in rabbits some
benefit was evident even with delays of up to five days. Results
of late treatment would probably be even better in man, since,
compared with rabbits, the plasma half life is almost twice as
long,"* progression of the disease is much slower, and chemo-
therapy would be supplemented with intensive care and, when
indicated, cerebral decompression.

This study was supported by a grant from the Medical Research
Council.
Requests for reprints should be sent to Dr A Bye.
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