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Summary

Synopsis

Aciclovir (acyclovir) is a nucleoside analogue with antiviral activity in vitro against the herpes
simplex viruses (HSV), varicella zoster virus (VZV), Epstein-Barr virus (EBV), cytomegalovirus
(CMYV) and human herpesvirus 6 (HHV-6).

Topical, oral or intravenous aciclovir is well established in the treatment of ophthalmic,
mucocutaneous and other HSV infections, with intravenous aciclovir the accepted treatment of
choice in herpes simplex encephalitis. The efficacy of aciclovir is increased with early (preferably
during the prodromal period) initiation of treatment but, despite significant clinical benefit, viral
latency is not eradicated, and pretreatment frequencies of recurrence usually continue after
episodic acute treatment is completed. Intravenous administration has also shown benefit in the
treatment of severe complications of HSV infection in pregnancy, and neonatal HSV infections.
Recurrence of HSV has been completely prevented or significantly reduced during suppressive
therapy with oral aciclovir in immunocompetent patients.

Use of oral aciclovir is effective but controversial in the treatment of otherwise healthy
individuals with varicella (chickenpox), and in some countries it has been recommended for use
only in cases which may be potentially severe. The development of rash and pain associated with
herpes zoster (shingles) is attenuated with oral or intravenous aciclovir therapy, ocular involve-
ment is prevented, and post-herpetic neuralgia appears to be decreased. Similarly, in a few patients
with zoster ophthalmicus, oral aciclovir has reduced the frequency and severity of long term ocular
complications and post-herpetic neuralgia, and herpes zoster oticus is improved with intravenous
aciclovir.

Oral aciclovir has prevented recurrence of HSV genital or orofacial infections during suppres-
sive therapy in > 70% of immunocompetent patients in most clinical trials. Suppression of latent
HSV, VZV and CMV infections has been achieved in many immunocompromised patients receiving
the oral or intravenous formulations. Aciclovir also appears to offer partial protection from
invasive CMV disease in CMV-seropositive bone marrow transplant recipients.

The few comparative trials published have shown aciclovir to be at least as effective as other
investigated antivirals in the treatment of HSV infections in immunocompetent patients, and more
effective than inosine pranobex in the prophylaxis of genital herpes. Similarly, in isolated clinical
trials, oral aciclovir appears as effective as topical idoxuridine and oral brivudine in some
parameters in immunocompetent patients with VZV infections, and the intravenous formulation
appears at least as effective as oral brivudine and intravenous vidarabine in treating these
infections in immunocompromised patients. Investigations of a regimen of aciclovir plus zidovud-
ine in patients with acquired immunodeficiency syndrome (AIDS) or AIDS-related complex (ARC)
suggest some advantage for the combination over zidovudine monotherapy in reducing the
incidence of opportunistic infections and mortality. However, patient numbers were limited and
these preliminary results require substantiation.
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Aciclovir is well tolerated. Mild gastrointestinal effects may occur with the oral formulation
in a few patients, and acute reversible renal failure and neurotoxicity has been associated with
high peak plasma aciclovir concentrations, usually in patients receiving intravenous administra-
tion.

Thus, aciclovir in intravenous, oral and to a lesser extent topical formulations retains its secure
position as an effective agent in the therapy and prophylaxis of HSV and VZV infections in
immunocompetent and immunocompromised patients, with no clear advantages shown for newer
agents over aciclovir in limited comparisons. The role of aciclovir in the prevention of CMV
infections in immunocompromised patients is also generally accepted, but its use in diseases
caused by other herpes viruses such as EBV and HHV-6 has not been supported in clinical
investigations to date. Nonetheless, there appears to be potential for further growth in the role of
aciclovir if combination regimens become more accepted in the treatment of viral infections, and
if its efficacy in reducing opportunistic infections and associated mortality in patients with AIDS
or ARC is confirmed.

Antiviral Activity

Aciclovir (acyclovir) selectively inhibits DNA replication of herpes viruses, with low host cell
toxicity. The antiviral is preferentially activated in infected cells; initial phosphorylation occurs
via viral thymidine kinase, and aciclovir triphosphate (the active derivative obtained from the
monophosphate via host cell enzymes) inhibits viral DNA polymerase more readily than the
cellular enzyme, thus preventing viral replication. Although Epstein-Barr virus (EBV) appears to
have only minimal thymidine kinase activity, EBV DNA polymerase is very susceptible to inhi-
bition by aciclovir triphosphate. Since cytomegalovirus (CMV) does not code for thymidine
kinase, and CMV DNA polymerase is poorly inhibited by aciclovir triphosphate formed by cellular
enzymes, CMV is less susceptible to aciclovir than are herpes simplex virus (HSV), varicella
zoster virus (VZV) and EBV. ‘

In descending order of susceptibility, the viruses against which aciclovir exhibits in vitro
antiviral activity are HSV-1 and 2, VZV, EBV, human herpesvirus 6 (HHV-6) and CMV. The in
vitro activity of aciclovir was generally similar to or greater than that of most other antiviral agents
tested against HSV and VZV; ganciclovir, idoxuridine and vidarabine are more potent than
aciclovir against CMV; ganciclovir and foscarnet appear to be more potent against HHV-6; and
aciclovir appears to have greater activity than penciclovir against EBV. Combination of aciclovir
with various antiviral compounds has resulted in synergistic or additive antiviral activity in vitro
against HSV, VZV and CMV. Although part of the latent HSV reservoir is eradicated by aciclovir
in ganglionic or tissue cultures and replication is readily interrupted, reversion to latency occurs
after several days of exposure.

The in vivo activity of aciclovir was demonstrated in animal models of HSV ocular, cutaneous,
genital, CNS and neonatal infections. Initiation of aciclovir administration within 24 hours of viral
challenge can reduce the establishment of viral latency following primary infection, but eradica-
tion of established latent virus has not been achieved. Activity as a prophylactic agent has been
demonstrated in rabbits with HSV keratitis. Combination with other antiviral agents, such as
vidarabine, ribavirin or ribonucleotide reductase inhibitors, has resulted in synergistic effects
against HSV infections in animals.

Most aciclovir-resistant strains of HSV and VZV have mutations in the thymidine kinase gene
which result in little or no production of the enzyme. Resistant HSV strains occur infrequently in
immunocompetent patients, and reactivation of these strains from latency is rare. However,
aciclovir-resistant HSV strains causing clinical disease are becoming increasingly common among
the immunocompromised population. Reports of aciclovir-resistant strains of other herpes viruses
are comparatively rare.

Pharmacokinetic Profile

The pharmacokinetic disposition of intravenous aciclovir is not affected by dose, duration or fre-
quency of administration. Steady-state plasma aciclovir concentrations inimmunocompromised patients
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(6.7 to 20.6 mg/L after intravenous doses of 2.5 to 15.0 mg/kg every 8 hours) are similar to those
obtained with equivalent single doses. Absorption of oral aciclovir is slow and variable, with a
bioavailability of 15 to 30%. There is no systemic absorption of topical aciclovir from the oint-
ment, but 30 to 50% of the drug reaches the basal epidermis in cutaneous infections treated with
the cream formulation, and substantial intraocular penetration occurs with the ophthalmic oint-
ment.

Orally or intravenously administered aciclovir is distributed to a wide range of tissues and
fluids, crosses the placenta and accumulates in breast milk. Plasma protein binding is 9 to 33%,
and is independent of plasma aciclovir concentrations. Drug interactions appear to be scarce. Area
under the plasma concentration-time curve values and elimination half-life are increased when
aciclovir and probenecid are coadministered.

The main metabolite, 9-carboxymethoxymethyl guanine, accounts for about 14% of a dose
and is pharmacologically inactive. Since the main route of elimination is via renal excretion,
kidney dysfunction affects plasma concentrations, extent of metabolism and rate of elimination
of the drug. The elimination half-life in adults with normal renal function is 2 to 3 hours, extending
to about 20 hours in patients with end-stage renal failure. The half-life in dialysis patients is 6 to
10 hours, but is prolonged to 13 to 18 hours during continuous ambulatory peritoneal dialysis. In
neonates, total body clearance is reduced and elimination half-life is increased to up to 5 hours.

Therapeutic Efficacy

In Immunocompetent Patients

Double-blind placebo-controlled studies in immunocompetent patients have demonstrated the
efficacy of intravenous (5 mg/kg 3 times daily), oral (200mg 5 times daily) and topical (applied
4 to 6 times daily) aciclovir initiated within 4 days of the first symptoms of HSV perigenital
infection. The duration of viral shedding and time to complete healing of lesions are significantly
reduced, particularly in the primary episode. Topical aciclovir is less effective in ameliorating
symptoms than are the other formulations. Comparison of topical aciclovir and intramuscular
interferon-o has demonstrated no significant differences in the treatment of primary genital herpes
infection, with a trend in favour of aciclovir in parameters involving time to healing, pain, and
viral response. The rate of recurrence of infection is not affected by initial treatment with aciclovir.

Most well-controlled trials have shown complete suppression of genital herpes recurrence in
71 to 88% of immunocompetent patients, using prophylaxis with oral aciclovir 800 to 1000 mg/day
for up to 2 years. Pretreatment recurrence rates returned on discontinuation of aciclovir. Complete
suppression of recurrence for 5 years has been achieved in 20% of patients on aciclovir prophylaxis
(800 to 1600 mg/day). Two well-controlled trials have demonstrated a clear advantage for oral
aciclovir over oral inosine pranobex in the suppression of recurrent genital HSV infection.

Oral aciclovir therapy causes significant improvements in recurrent orofacial and cutaneous
infections if begun as early as possible after reactivation. Prophylaxis with topical, and especially
oral, aciclovir reduces the severity and frequency of orofacial and cutaneous HSV recurrence
during treatment. Reductions in symptoms are small with topical treatment of recurrent orofacial
herpes in immunocompetent patients.

Aciclovir 3% ophthalmic ointment 5 times daily eliminates 95 to 100% of herpetic dendritic
corneal ulcers in 5 to 9 days, and is at least as effective as idoxuridine 0.5 and 1.0%, trifluridine
2% and vidarabine 3% ointments. The ophthalmic ointment is also as effective as vidarabine in
treating geographic corneal ulcers. Combination of aciclovir with topical interferon-o shortens
the time to healing of superficial herpetic keratitis by several days compared with aciclovir alone.
Oral administration of aciclovir appears to be equivalent or superior to topical administration in
the treatment of herpetic disciform keratitis. Addition of topical corticosteroids to the ophthalmic
ointment has proved effective in treating herpetic disciform keratitis and necrotising stromal
keratitis unresponsive to single agent therapy.

Aciclovir ophthalmic ointment is as effective as vidarabine ophthalmic ointment in herpetic
disciform keratitis and trifluridine ophthalmic solution in herpetic kerato-uveitis, when cortico-
steroids are included in the regimens. However, corticosteroids may not be necessary in patients
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with HSV uveitis previously untreated with corticosteroids if oral aciclovir is added to topical
aciclovir therapy. Prophylaxis with oral aciclovir 800 to 1000 mg/day for 12 to 15 months com-
pletely prevented HSV keratitis recurrence in all patients undergoing penetrating keratoplasty,
compared with a recurrence rate of 44% in an untreated group.

The treatment of choice for HSV encephalitis, intravenous aciclovir 10 mg/kg every 8 hours
for at least 10 days, improves survival rates and reduces the incidence of serious sequelae to
infection. Addition of interferon-p to the regimen provided no advantage in most patients. A
placebo-controlled trial of oral aciclovir prophylaxis (800 mg/day for 26 weeks) in HSV erythema
multiforme has substantiated previous reports of efficacy. Case studies have reported successful
intravenous aciclovir treatment and prophylaxis in patients with HSV meningitis, and successful
treatment of HSV-associated encephalitis, disseminated infection and hepatitis in pregnant
women, followed by survival of mothers and infants without complications. Intravenous aciclovir
and vidarabine appear equally effective in the treatment of neonatal HSV infections including
mucocutaneous infection, encephalitis and disseminated disease.

There is some controversy over the role of aciclovir in treating varicella (chickenpox) in
otherwise healthy individuals, since the disease is usually self-limiting. Nonetheless, oral aciclovir
initiated within 24 hours of the appearance of the rash associated with varicella (chickenpox) has
resulted in decreased numbers of lesions, duration of new lesion formation, severity or duration
of pruritus, time to healing and duration of fever in otherwise healthy children, adolescents and
adults in several well-designed studies. Clinical improvement has been noted in a few adults with
varicella pneumonia receiving intravenous aciclovir, and maternal mortality rates associated with
this complication have been decreased during pregnancy.

In patients with herpes zoster (shingles), intravenous (5 mg/kg every 8 hours for at least 5
days) or oral (4000 mg/day for 7 days) aciclovir treatment begun within 72 hours of exanthem
onset attenuates the development of rash and pain, offers protection against ocular involvement
and appears to decrease the duration of post-herpetic neuralgia. Topical idoxuridine was superior
to oral aciclovir in some parameters in one double-blind study, but efficacy was similar in time to
disappearance of papulopustules, appearance of first scabs, loss of all scabs, and disappearance
of erythema or pain. Oral brivadine was associated with significantly greater reductions in pain
and new lesion formation compared with intravenous aciclovir in elderly cancer patients with
severe herpes zoster, but there were no differences in time to loss of vesicles or time to full crusting.

Although the immediate efficacy of aciclovir ophthalmic ointment in the treatment of zoster
ophthalmicus is equivocal, oral aciclovir begun within 72 hours of skin eruption produces signif-
icant reductions in the longer term (up to 12 months) in frequency and severity of ocular compli-
cations such as dentriform keratopathy, stromal keratitis and anterior uveitis in these patients.

Case reports and one small placebo-controlled trial have demonstrated rapid improvement of
facial function grade in patients with herpes zoster oticus treated with intravenous aciclovir, and
success is also reported in isolated cases of patients with herpes zoster-associated encephalitis,
myelitis, idiopathic vocal cord paralysis and Rosai Dorfman disease. Recurrence of severe almost
constant aphthae has been prevented or decreased with oral aciclovir 1600 mg/day for 10 weeks.

Although trends towards faster improvement have been recorded in 2 double-blind trials of
aciclovir versus placebo in patients with infectious mononucleosis, no statistically significant
differences were seen. Addition of aciclovir to interferon-a therapy in patients with chronic hep-
atitis B appears to offer some advantages over monotherapy, but no significant differences in the
rate of seroconversion were demonstrated. Aciclovir has prevented postsurgical recurrence of
laryngeal papillomatosis in 3 children and improved symptoms of epilepsia partialis continua in
4 patients.

In Immunocompromised Patients

The efficacy of intravenous (250 mg/m? every 8 hours) or oral (2000 mg/day) aciclovir is well
established in the treatment of immunocompromised patients with HSV infections. Severe infec-
tions refractory to normal dosages of aciclovir (such as HSV hepatitis, or infections caused by
viruses deficient in thymidine kinase activity) may respond to higher dosages, as demonstrated in
case reports. Topical administration (5% in polyethylene glycol) reduced the period of viral shed-
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Tolerability

ding in renal transplant recipients, but the value of topical aciclovir is limited in severely im-
munocompromised patients.

Viral shedding and/or scabbing time, deterioration in clinical condition and progression of the
disease are reduced in immunocompromised patients with VZV infections treated with intrave-
nous aciclovir (500 mg/m?2 every 8 hours for 5 to 8 days). In this setting aciclovir appears as
effective as oral brivadine and at least as effective as intravenous vidarabine. Oral aciclovir is also
effective in promoting healing and preventing dissemination of varicella in immunocompromised
patients, and topical aciclovir reduced time to pustulation, crusting and healing in im-
munocompromised patients with localised herpes zoster.

Virtually complete suppression of latent HSV or VZV infections during intravenous or oral
aciclovir prophylaxis has been demonstrated in most patients at increased risk of recurrence
because of bone marrow transplantation, radiotherapy or cytotoxic chemotherapy, while up to
50% of infections which did recur involved asymptomatic viral shedding only. While protection
was confined to the period of therapy in most patients, there is evidence that long term prophylaxis
may also result in a reduction in the rate of HSV infections, compared to that seen in placebo
recipients, after discontinuation of therapy. Oral aciclovir prophylaxis has provided protection
against HSV and VZV infections in patients receiving renal transplants, and against HSV infec-
tions in liver and heart transplant recipients, with complete suppression of clinical symptoms
during treatment in most patients. The incidence of HSV infection was also reduced in renal and
heart transplant patients for up to 12 months following withdrawal of aciclovir prophylaxis.

High dose oral or continuous infusion of intravenous aciclovir have resulted in resolution of
EBYV infections such as oral hairy leucoplakia in immunocompromised patients, but reactivation
of latent infection occurs frequently on discontinuation of the drug. Similarly, although aciclovir
treatment of symptomatic CMV infection in immunocompromised patients has generally resulted
in little clinical improvement, continuous infusion has resolved the infection in isolated cases.

Aciclovir prophylaxis appears to decrease CMV shedding, and reduce the incidence of clini-
cally evident and invasive CMV disease, and possibly that of associated mortality, in im-
munocompromised patients with haematological disorders, despite decreased activity compared
with prophylaxis against HSV and VZV. The rate of CMV infection after treatment was decreased
in some patients. The incidence of CMV infection was reduced by about half (to 36%) during 1
year of observation after a 12-week course of oral aciclovir prophylaxis (800 to 3200 mg/day) in
a double-blind trial in renal transplant recipients, and by half to two-thirds (to 18.3 to 30.8%) in
liver transplant recipients after a 12-week course of oral aciclovir (2000 to 3200 mg/day) in several
trials. Oral aciclovir plus CMV-specific immunoglobulin prophylaxis appears to offer some ad-
vantage in preventing CMV infection in patients receiving heart or lung transplants but controlled
double-blind trials have not been performed in this patient population.

The effects of aciclovir alone or combined with zidovudine on laboratory measures of human
immunodeficiency virus infection are equivocal, but recent double-blind studies have suggested
that combined therapy may offer an advantage over zidovudine monotherapy in terms of survival
and incidence of opportunistic infections in patients with acquired immunodeficiency syndrome
(AIDS) or AIDS-related complex.

Aciclovir is well tolerated whether administered by ocular, topical, oral or intravenous routes.
Adverse reactions to topical preparations have been mainly limited to mild local effects. The
incidence of most adverse events, such as gastrointestinal symptoms, rash and headache, occurring
during oral aciclovir therapy is similar to that seen in patients receiving placebo. There have been
occasional reports of acute, usually reversible, renal failure and neurotoxicity associated with the
oral formulation, but these occur more often with intravenous administration, usually in patients
with high peak plasma aciclovir concentrations. Slow infusion rates, adequate hydration and lower
dosages of aciclovir are recommended in patients with renal dysfunction. The effects of aciclovir
on immune function have not yet been clarified. Depression of the immune response to herpesvirus
antigens associated with oral and intravenous aciclovir treatment or prophylaxis in some studies
is postulated to be a result of viral inhibition rather than a direct immunosuppressant effect.
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Dosage and Administration

Therapy with aciclovir should be initiated as soon as possible after the onset of signs or
symptoms. For dosage recommendations in specific herpesvirus infections see table XI on page
192. Dosage reductions proportional to the degree of impairment are necessary in patients with

moderate to severe renal dysfunction.

Aciclovir (acyclovir) is an acyclic analogue of
the natural nucleoside 2’-deoxyguanosine (fig. 1)
with antiviral activity against herpes DNA viruses.
The pharmacology and therapeutic efficacy of this
agent were first reviewed in the Journal by Rich-
ards et al. (1983) and subsequently re-evaluated by
O’Brien and Campoli-Richards (1989). This re-
view re-examines the role of aciclovir in the treat-
ment and prevention of herpesvirus and other viral
infections in both immunologically competent and
immunologically compromised patients in the light
of recently published literature.

1. Antiviral Activity

The antiviral activity of aciclovir has been dis-
cussed in depth in the two previous reviews in the
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Fig. 1. Chemical structure of aciclovir and 2’-deoxyguanosine.

Journal (Richards et al. 1983; O’Brien & Campoli-
Richards 1989) and the reader is referred to these
for further details. This section provides an over-
view of the previous findings and evaluates data
published since the last review.

Aciclovir selectively inhibits DNA replication
of herpes viruses (fig. 2) with low host cell toxicity.
Uptake of aciclovir is enhanced in herpesvirus-in-
fected cells, and phosphorylation of the drug to
aciclovir monophosphate occurs via herpesvirus-
coded thymidine kinase. Subsequent conversion to
the active metabolite, aciclovir triphosphate, is
catalysed by host cell enzymes. Aciclovir triphos-
phate functions as a substrate for and preferential
inhibitor of viral, rather than cellular, DNA poly-
merase. It binds to herpes simplex virus (HSV)
DNA polymerase in competition with the natural
nucleoside, is incorporated into viral DNA, and
prevents further elongation of the chain (see re-
views by O’Brien & Campoli-Richards 1989;
Reardon & Spector 1991).

Since thymidine kinase-negative HSV mutants
and cytomegalovirus (CMV) do not code for thy-
midine kinase, monophosphorylation of aciclovir
does not occur readily in cells infected with these
viruses. CMV DNA polymerase has low suscepti-
bility to inhibition by aciclovir triphosphate and
the virus subsequently has low susceptibility to
aciclovir. Epstein-Barr virus (EBV) may have re-
duced thymidine kinase activity, but EBV DNA
polymerase is susceptible to inhibition by aciclovir
triphosphate formed by cellular enzymes, which
may account for some of the drug’s activity against
this virus (Datta & Pagano 1983).

The antiviral spectrum of aciclovir activity was
extensively studied in the early stages of it’s devel-
opment. Later investigations have focused on the
activity of aciclovir in combination with other anti-
virals and interferons, and the monitoring of drug
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Fig. 2. Aciclovir inhibition of the viral DNA biosynthetic path-
way. Aciclovir competes with deoxyribonucleosides for viral
thymidine kinase or cellular kinases. In addition to competi-
tively inhibiting the association of deoxyribonucleoside tri-
phosphates with viral DNA polymerase, aciclovir triphosphate
incorporates into the growing viral DNA chain, leading to the
termination of DNA synthesis because of its lack of a 3'-
hydroxyl moiety.

resistance, although some studies continue to re-
port the susceptibility to aciclovir of the less thor-
oughly investigated herpes viruses.

1.1 Antiviral Activity In Vitro

In vitro findings should be interpreted with cau-
tion, since information obtained from in vitro cul-
ture systems does not necessarily correlate with the
clinical efficacy or toxicity of an antiviral agent
(Richards et al. 1983), and the immune status of the
host is not considered in in vitro susceptibility test-
ing (Pulliam et al. 1986).

The results of antiviral susceptibility tests vary
with the assay method, the substrate cell type and
the viral strain employed (O’Brien & Campoli-

Richards 1989). Upadhyay et al. (1991) postulated
that the rate of viral replication may also affect
susceptibility to antiviral chemotherapy. They
found that while both aciclovir and trifluridine sup-
pressed in vitro HSV-1 viral replication at 36.5°C,
only aciclovir continued to suppress replication at
a temperature of 26°C, when viral replication and
cell metabolism are reduced. This suggests that the
antiviral activity of aciclovir is retained in cells
with a low metabolic rate in which viral replication
is slow, for example in viral corneal stromal dis-
ease.

Of the human herpes viruses, herpes simplex
types 1 and 2 are the most susceptible to aciclovir
in cell culture, followed in descending order of
general susceptibility by varicella zoster virus
(VZV), EBY, human herpesvirus 6 (HHV-6) and
CMYV (see table I). The activity of aciclovir is gen-
erally similar to or greater than that of most other
antiviral agents tested against HSV and VZV,
greater than that of penciclovir against EBV, less
than that of ganciclovir, idoxuridine and vidara-
bine against CMV and less than that of ganciclovir
and foscarnet against HHV-6 (table I).

Aciclovir does not appear to exhibit in vitro
antiviral activity against viruses outside the herpes
group. Hepatitis B virus replication may be inhib-
ited by aciclovir, but in vitro information is limited
to one study showing decreasing viral polymerase
activity with increasing aciclovir concentration
(0.5 to 150 mg/L; Galle & Theilmann 1990).

The effects of subinhibitory doses of aciclovir
on HSV and VZV were investigated in vitro by
Shiraki et al. (1989), who found that aciclovir en-
hanced plaque formation without compromising
inhibition at higher doses.

1.1.1 Activity of Aciclovir Combined with

Other Antivirals

It is postulated that combination therapy em-
ploying aciclovir and other selective antiviral
agents will achieve inhibition of infectivity and
replication of some viruses at concentrations better
tolerated and more easily attained in vivo, and
should also reduce the incidence of emergent resis-
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Table I. Summary of in vitro antivirai activity of aciclovir

Virus ICs0a Comparative activity Reference
(mglL) brivudine FIAC foscamet ganciclovir idoxuridine interferon-a. penciclovir vidarabine

HSV-1  0.01-27 = /= + /= + + +/= + 4,5,7,9,10,11,12,
14,15

HSv-2 0.01-44 + += + ~/= + + += + 4,5,9,10,11,12,
14,15

vzv 0.17-26 - + + = = +/= 9,11,12,14

EBV 1.5-8.8 + 9,12

HHV-6  3-25 - - 1,2,6,13

CMV 1.82-68 + - - + - 3,8,9,11,12

a Concentration of aciclovir inhibiting viral-induced cytopathogenicity or viral plaques by 50%.

Abbreviations and symbols: CMV = cytomegalovirus; EBV = Epstein-Barr virus; FIAC = 2’-fluoro-5-iodoarabinosylcytosine; HHV-6 = human
herpesvirus-6; HSV = herpes simplex virus; VZV = varicella zoster virus; + indicates antiviral activity of aciclovir greater than that of
comparative antiviral; — indicates antiviral activity of aciclovir less than that of comparative antiviral; = indicates antiviral activity of aciclovir

similar to that of comparative antiviral.

Reference key: 1 Agut et al. (1989, 1991); 2 Akesson-Johansson et al. (1990); 3 Andrei et al. (1991); 4 Boivin et al. (1993); 5 Brisebois et
al. (1989); 6 Burns & Sandford (1990); 7 Charles & Gray (1990); 8 Fletcher et al. (1991); 9 Littler et al. (1993); 10 Menage et al. (1990);
11 O’Brien & Campoli-Richards (1989); 12 Richards et al. (1983); 13 Russler et al. (1989); 14 Vere Hodge (1993); 15 Weinberg et

al. (1992).

tant viral strains (O’Brien & Campoli-Richards
1989).

Combination of aciclovir with other antiviral
agents has resulted in additive or synergistic anti-
viral activity against HSV, VZV and CMV (table
IT). It has been hypothesised that interferon-medi-
ated alterations of nucleoside metabolism in virus-
infected cells may be involved in the synergistic
action between aciclovir and the interferons
(O’Brien et al. 1990). Interferon treatment of
HSV-infected cells resulted in decreased con-
centrations of the natural nucleoside thymid-
ine, and of all deoxyribonucleoside 5'-triphos-
phates, particularly deoxyguanosine triphosphate
(dGTP). Since aciclovir triphosphate competes
with dGTP in the production of viral DNA, an in-
crease in the aciclovir triphosphate : dGTP ratio
would be expected to contribute to the antiviral
synergy.

Virus-specific ribonucleotide reductase inhibi-
tors may be useful in combination with aciclovir.
A 2-acetylpyridine thiosemicarbazone inhibitor of
ribonucleotide reductase (A723U) has been shown
to potentiate the antiviral activity of aciclovir

against HSV (Karlsson & Harmenberg 1988) and
a 2-acetylpyridine thiocarbonohydrazone (348U87)
produced synergistic inhibition of VZV with
aciclovir (Spector 1993; table II). As with inter-
feron, it has been suggested that virus-encoded ri-
bonucleotide reductase inhibitors decrease the size
of the dGTP pool against which aciclovir triphos-
phate competes as substrate for viral DNA poly-
merase, but inhibitors of ribonucleotide reductase
also increase the concentrations of aciclovir tri-
phosphate in herpesvirus-infected cells, thus in-
creasing the aciclovir triphosphate : dGTP ratio
further (Reardon & Spector 1991). Support for po-
tential synergy is also provided by the finding that
HSV mutants defective in ribonucleotide reductase
activity are hypersensitive to aciclovir (Coen et al.
1989).

1.1.2 Effects on Latent Infection

Replication of HSV in ganglion explant or tis-
sue culture is readily interrupted during incubation
with aciclovir; reversion to latency is noted after
several days of exposure to the drug. Aciclovir ap-
pears to eradicate only part of the latent viral res-
ervoir, as assessed by the reactivation rate after



162

Drugs 47 (1) 1994

Table Il. Antiviral agents causing synergistic or additive antiviral
activity in vitro in combination with aciclovir (references are
encoded in parentheses)

Virus Synergy Additive activity

HSV Acemannan (7) Brivudine (13)
A 723U (8) Interferon-o. (6)
Chlorhexidine (11) Penciclovir (22)

Interferon-a. (1,5,6,10,23)
Interferon-B (9,21)
Interferons, cloned a-hybrid
(3)

Ribavirin (12,15)

Trifluridine (13)
Vidarabine (13,14)

Vidarabine (4)
vzv 348U87 (20) Brivudine (2)
Interferon-o (1,10) Idoxuridine (2)
Trifluridine (2)

CMV GS-504 (17)
Interferon-o (16)
Trifluridine (16)

Interferon-o. (10)
Interferon-B (18)
Trifluridine (18)
Vidarabine (19)

Abbreviations: CMV = cytomegalovirus; HSV = herpes simplex
virus; VZV = varicella zoster virus.

Reference key: 1 Baba et al. (1984); 2 Biron & Elion (1982); 3 Crane
& Miine (1985); 4 Crane et al. (1984); 5 Hammer et al. (1982); 6
Hanada et al. (1989); 7 Kahlon et al. (1991); 8 Karlsson &
Harmenberg (1988); 9 Kawaguchi et al. (1986); 10 Levin & Leary
(1981); 11 Park et al. (1991); 12 Pancheva (1991); 13 Schinazi &
Nahwias (1982); 14 Schinazi et al. (1982); 15 Shishkov & Pancheva
(1990); 16 Smith et al. (1983); 17 Snoeck et al. (1992); 18 Spector
et al. (1982b); 19 Spector & Kelly (1985); 20 Spector (1993);
21 Stanwick et al. (1981); 22 Sutton et al. (1992); 23 Taylor et al.
(1989).

drug removal. Alternate exposure of ganglion ex-
plants to aciclovir-containing and drug-free media
has been associated with statistically significant re-
ductions in the proportion of reactive virus, de-
pendent on the frequency and duration of alternat-
ing exposures and the number of latently infected
neurons present (see review by O’Brien &
Campoli-Richards 1989).

1.2 Antiviral Activity In Vivo

1.2.1 Animal Models

Since animal models of herpesvirus infections
other than HSV are mostly of limited use as pre-
dictors of clinical efficacy in humans (Collins
1983), this discussion is largely restricted to herpes

simplex models. The in vivo antiviral efficacy of
aciclovir against HSV-1 and 2 has been
summarised by O’Brien and Campoli-Richards
(1989). Efficacy has been demonstrated in animal
models of ocular, cutaneous, genital, CNS and neo-
natal infections. The efficacy of aciclovir was in-
fluenced by factors such as animal species, size of
viral inoculum, drug dosage, route and frequency
of administration, and rapidity of initiation of ther-
apy following viral inoculation.

Initiation of topical or systemic aciclovir within
24 hours of viral challenge has prevented the es-
tablishment of viral latency following primary in-
fection, and reductions in the number of reactive
latent herpes simplex foci have been observed with
aciclovir treatment in some studies, but eradication
of established latent virus from neuronal ganglia
has not been achieved.

Aciclovir appears to be generally at least as ef-
fective as other nucleoside analogues in vivo, al-
though some compounds such as the 2’-fluoro-
pyrimidines and 5’-vinylpyrimidines may offer
greater protection in certain models (see review by
O’Brien & Campoli-Richards 1989). Oral
aciclovir and oral penciclovir had similar antiviral
activity in mice infected with HSV (Sutton & Boyd
1993) and in other animal models of HSV infection
(Littler et al. 1993), but penciclovir was more ac-
tive when given in discrete subcutaneous doses
(Sutton & Boyd 1993). Aciclovir has also been
shown to be effective as a prophylactic agent in
vivo, preventing the re-emergence of postoperative
herpes simplex type 1 keratitis in rabbits after pen-
etrating keratoplasty (Beyer et al. 1989).

Combination of aciclovir with antiviral agents
such as vidarabine, 2’-fluoro-5-methylarabino-
sylcytosine (FIAC), and 2’-fluoro-5-methylara-
binosyluracil (FMAU), has resulted in marked syn-
ergistic effects against herpes simplex encephalitis
in the mouse model (Schinazi et al. 1986) and
ribavirin potentiated the antiviral effects of
aciclovir in a herpes simplex keratitis model in rab-
bits (Pancheva 1991). Similarly, the addition of im-
munotherapy with human immune globulin to
aciclovir treatment soon after infection in mice re-
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sulted in synergistic antiviral effects, presumably
reflecting the importance of cellular immunity in
the control of HSV infections (Hilfenhaus et al.
1987). However, the combination of aciclovir and
recombinant interferon-o was associated with tox-
icity in newborn or weanling mice (Connell et al.
1985; Crane & Sunstrum 1988).

Confirming in vitro findings (section 1.1.1),
synergistic activity has been demonstrated in vivo
for aciclovir plus inhibitors of HSV ribonucleotide
reductase in cutaneous murine infections caused
by both aciclovir-susceptible and aciclovir-resis-
tant strains of HSV (Ellis et al. 1989; Lobe et al.
1991; Spector et al. 1992).

A model employing VZV adapted to cells in
congenitally hairless guinea pigs has been used to
demonstrate the amelioration of exanthem by sub-
cutaneous aciclovir (Myers & Stanberry 1991).

High dose oral aciclovir (700 mg/kg/day) was
effective in preventing B virus (herpesvirus
simiae) disease in infected rabbits, and a similar
regimen has been suggested for prophylaxis when
humans are occupationally exposed to this poten-
tially fatal infection (Zwartouw et al. 1989).

1.2.2 In Humans

Asymptomatic shedding of HSV during
aciclovir prophylaxis has been recorded (Straus et
al. 1989). The rate of symptomatic shedding was
decreased from 95 to 6 positive cultures per 1000
cultures during treatment, but the rate of asymp-
tomatic shedding remained constant at an average
of 8 per 1000 cultures. A relatively high rate of
asymptomatic viral shedding (7 of 48 patients)
was seen in a study of aciclovir 800 mg/day as
prophylaxis for recurrent genital herpes (Bow-
man et al. 1990). However, noncompliance may
have triggered the episodes in question, and fur-
ther well designed trials are required to deter-
mine the effect of various aciclovir dosages on
this parameter.

Measurement of the in vivo survival time of
EBV-infected cells in long term virus carriers with
no history of immune deficiency demonstrated that
viral shedding in the oropharynx was inhibited by
aciclovir treatment (800mg 5 times daily for 28

days) and returned on withdrawal of the drug, but
the incidence of virus-infected B cells in the blood
remained constant (Yao et al. 1989). The level of
virus carriage in the blood was thus presumed to
be maintained for at least 4 weeks despite inhibi-
tion of virus replication in the oropharynx with
aciclovir.

1.3 Viral Resistance to Aciclovir

Aciclovir-resistant strains of HSV and VZV
arise chiefly from the selection of variants with
altered thymidine kinase, and are readily produced
in vitro. Resistance can occur through deletion of
the viral thymidine kinase gene, alteration of viral
thymidine kinase resulting in less efficient phos-
phorylation of aciclovir, or alteration of viral DNA
polymerase resulting in decreased inhibition by
aciclovir triphosphate. Clinically, aciclovir-resis-
tant strains are most commonly reported in se-
verely immunocompromised patients receiving
extended courses of the drug, and most are thymid-
ine kinase negative. Loss of viral thymidine kinase
gene expression has been associated with a de-
crease in virulence and ability to reactivate from
latent infections in animal models and man. How-
ever, mutants which retain the thymidine kinase
phenotype appear also to retain varying degrees of
virulence (O’Brien & Campoli-Richards 1989).
This has been corroborated in 2 surveys of the
emergence of resistant HSV isolates over a period
of 15 years (Collins & Ellis 1993b). Thymidine
kinase-negative isolates were avirulent and failed
to reactivate from latent infection, while the more
limited number of isolates with variations in DNA
polymerase or altered thymidine kinase showed
only slight attenuation of virulence and continued
to reactivate from latency.

The emergence of resistant HSV strains after
prolonged treatment with aciclovir appears to be
infrequent in immunocompetent patients (O’Brien
& Campoli-Richards 1989). Hill et al. (1993) re-
ported an incidence of aciclovir-resistant HSV in
immunocompetent patients of 6.3% (8 of 127),
while Ketchum et al. (1991) [who developed a
rapid screening method for detecting the presence
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of thymidine kinase activity in HSV infected cells]
reported an incidence of 2.9% (1 of 34) and Collins
and Ellis (1993a) 0.7% (2 of 287). When recur-
rences occur they are almost always resolved on
administration of therapeutic or increased dosage
of aciclovir, consistent with the failure of thymid-
ine kinase-deficient viruses to reactivate from la-
tency (Boivin et al. 1993; Charles & Gray 1990;
Englund et al. 1990b; Kroon et al. 1989; Rabalais
et al. 1989).

The degree of immunosuppression in patients
infected with HSV will influence the degree of in-
hibition of viral replication by host factors and may
thus influence the degree of development of resis-
tance to aciclovir. In studies by Englund et al.
(1990b) and Gray et al. (1989), resistant HSV
strains occurred in 4.7 to 5.7% of patients who
were severely immunocompromised (as a result of
treatment for malignancy, rejection following or-
gan transplantation or infection with human immu-
nodeficiency virus [HIV]) and none of those less
severely affected or immunocompetent. However,
in a survey in the United Kingdom, Collins and
Ellis (1993a) found that of 81 severely im-
munocompromised patients studied because of
poor response to aciclovir, 18 (22.2%) developed
resistant isolates, compared with 0.7% of 287 im-
munocompetent patients.

Case reports of the development of clinically
aggressive aciclovir-resistant HSV strains in im-
munocompromised patients receiving aciclovir
therapy are becoming increasingly common
(Bevilacqua et al. 1991; Birch et al. 1990; Erlich et
al. 1989; Gateley et al. 1990; Gray et al. 1989;
Ljungman et al. 1990; Marrero et al. 1991; Sacks
et al. 1989).

In a retrospective incidence cohort study by En-
glund et al. (1990b), progressive clinical disease,
more severe in children, was reported in all 7 im-
munocompromised patients seen over 1 year who
had aciclovir-resistant viral strains (4.7% of the to-
tal number of immunocompromised patients). All
patients had received previous aciclovir therapy.
Similarly, in a 2-year survey monitoring the occur-
rence and characterisation of aciclovir-resistant

HSV isolates, 12 of 785 patients screened (1.5%)
had resistant strains (Nugier et al. 1992). Of these
12 patients (all of whom had received aciclovir
therapy), 10 were immunocompromised (5.4% of
the total number of immunocompromised patients)
and 5 (one of whom was immunocompetent) had
clinically significant disease associated with the
resistant strains.

The development of viral host cell resistance to
aciclovir during long term exposure may also be a
factor in the failure of HSV infection to respond to
treatment. Cinatl et al. (1992) established a culture
of monkey kidney cells able to survive in 45 mg/L
aciclovir. Aciclovir doses required to reduce HSV
yield were 5 to 50 times larger than those required
for similar reductions of HSV in nonresistant host
cells.

Reports of aciclovir-resistant strains of other
herpes viruses are relatively rare. Recently, 2
groups of investigators have recorded the emer-
gence of aciclovir-resistant VZV in 5 patients with
acquired immunodeficiency syndrome (AIDS) af-
ter long term treatment with the drug (Jacobson et
al. 1990; Linnemann et al. 1990). The virus was
initially susceptible to intravenous or oral aciclovir
in all patients, but persistent lesions developed de-
spite administration of suppressive oral aciclovir
dosages of 400 to 4000 mg/day. The resistant vi-
ruses were deficient in thymidine kinase activity.
Conversely, although aciclovir-resistant strains of
CMYV exist, prophylactic high dosage (3.2 g/day)
oral aciclovir for 3 months did not induce resistant
CMV in 53 renal allograft patients (Fletcher et al.
1991).

2. Pharmacokinetic Profile

This overview of the pharmacokinetic proper-
ties of aciclovir draws upon previous reviews
(O’Brien & Campoli-Richards 1989; Richards et
al. 1983), incorporating significant additional in-
formation provided by more recent studies. Table
III summarises the results of pharmacokinetic in-
vestigations.

The pharmacokinetics of intravenously admin-
istered aciclovir are best described by a 2-compart-
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ment open model (de Miranda & Blum 1983). The
pharmacokinetic disposition of the drug is not af-
fected by dose, duration or frequency of adminis-
tration. Mean plasma aciclovir concentrations at
steady state (6.7 to 20.6 mg/L) after intravenous
administration to immunocompromised patients
(2.5 to 15 mg/kg every 8 hours) are similar to the
peak plasma concentrations obtained with equiva-
lent single doses (Whitley et al. 1982b).

Absorption of oral aciclovir across the small in-
testine appears to be passive (Tanna et al. 1992)
and is incomplete, resulting in 15 to 30% bioavail-
ability and mean peak plasma concentrations
(Cmax) 1.5 to 2.5 hours post dose (table IIT). Trans-
cutaneous penetration of aciclovir in topical prep-
arations varies with the formulation used, and has
been improved with the addition of skin penetra-
tion enhancing agents (Gonsho et al. 1990; Lofts-
son et al. 1989; Park et al. 1992). However, deliv-
ery of the drug to the basal epidermis (the site of
HSV infections) after topical application was 30 to
50% of that achieved with oral administration
(Parry et al. 1992), and systemic absorption has not
been detected with topical doses of 5% ointment
every 4 to 6 hours (table III). Aciclovir ophthalmic
ointment significantly penetrates through the in-
tact epithelium of a healthy cornea, whereas
trifluorothymidine and vidarabine only achieve
useful concentrations in the interior chamber if the
cornea is ulcerated (Poirier et al. 1982).

Plasma protein binding occurs in a range of 9 to
33%, irrespective of plasma aciclovir concentra-
tion (de Miranda et al. 1982a; data on file, Well-
come Foundation Ltd). Aciclovir appears to be dis-
tributed to a wide range of tissues and fluids in
humans after oral and intravenous administration
(table IIT). Chavanet et al. (1990a) have suggested
that meningeal penetration may be enhanced by the
addition of probenecid, which has also been shown
to increase the area under the plasma concentra-
tion-time curve and prolong the elimination half-
life of aciclovir (Laskin et al. 1982a). Although
aciclovir appears to accumulate in breast milk, ex-
posure of the nursing child is estimated to be less
than 1 mg/day, presenting a low theoretical risk

(Meyer et al. 1988). Recent data suggest that trans-
fer of aciclovir through the human placenta occurs
passively at a considerably lower rate than that of
a fully diffusible marker, phenazone, and that pla-
cental aciclovir metabolism does not occur (Hen-
derson et al. 1992).

The elimination half-life (t1,) of aciclovir after
intravenous administration is 2 to 3 hours, and the
mean total body clearance (CL) 15.6 L/h/1.73m?
(table III). The main metabolite of aciclovir, 9-car-
boxymethoxymethyl guanine, is pharmacologi-
cally inactive and accounts for up to 14% of an
aciclovir dose in recipients with normal renal func-
tion. A minor metabolite, 8-hydroxy-9-(2-hydroxy-
ethoxymethyl) guanine, represents less than 0.2%
of a dose (Richards et al. 1983). The main route of
elimination of aciclovir is via renal excretion, with
45 to 79% of an intravenous dose recovered un-
changed in the urine, which decreases with reduced
creatinine clearance. In neonates, ty; is slightly
longer (2.5 to 5.0 hours) and CL is about one third
of that of an adult with normal renal function (table
III). In infants aged =1 year, the pharmacokinetics
of aciclovir are generally comparable with those of
adults (Blum et al. 1982).

As the kidneys are the principal route of
aciclovir elimination, renal impairment affects the
plasma concentrations, extent of metabolism and
rate of elimination of the drug. In patients with
end-stage renal failure who are administered
aciclovir, mean Cmax values are nearly doubled,
mean ty, is increased 7-fold to approximately 20
hours, and mean CL is decreased 10-fold compared
with patients with normal renal function (Richards
et al. 1983). ' )

Aciclovir is readily haemodialysable, with a
ty, in dialysis patients of about 6 to 10 hours (Bur-
gess & Gill 1990; Laskin et al. 1982c). During con-
tinuous ambulatory peritoneal dialysis ti, ranges
from 13 to 18 hours (O’Brien & Campoli-Richards
1989; Burgess & Gill 1990), while in a patient un-
dergoing continuous arteriovenous haemofiltra-
tion/dialysis it was 19.6 hours (Jones & Alderman
1991).
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Table IIl. Pharmacokinetic profile of aciclovir

Parameter/ medium Aciclovir route and dosage (duration) Value Reference
Absorption
Cmax Varies with IV dose in approximate 6,7,17,23
linear fashion

tmax Oral 1.5-2.5h 2,8,26
Css 1V 2.5-15.0 mg/kg q8h 6.7-20.6 mg/L (similar in neonates) 123,28

Oral 200mg g4h 0.52-0.56 mg/L 8,25,26

400mg gq4h 0.79-1.22 mg/L

Time to Css Oral 1-2d 8
Bioavailability Oral 15-30% 25
Topical absorption 5% ointment q6-q4h (5-7d) Undetectable systemically 5,21

3% ointment g5h (4-6 doses) 1.7 mg/L in aqueous humour 22
Distribution
Kidney 1V 400-1200 mg/m?2 q8h 1000% of plasma values 27
Lung, liver, heart Approx. 130% of plasma values
Brain, spinal cord 25-70% of plasma values
CSF IV infusion 50% of plasma values 1,28

1V infusion 50 mg/kg + oral probenecid 1g  82% of plasma values 3

per week

Oral 800mg q8h 13-52% of plasma values 19
Saliva Oral 200 or 400mg 13% of plasma values 26
Tears Oral 2000 mg/d 18% of plasma values 4
Aqueous humour Oral 400mg (5 doses in 24h) 30-50% of plasma values (about 50% 13

of topical values)

VZV vesicles IV 7.2-43.2 mg/kg/d 100% of plasma values 24

Oral 200-400mg q4h 100% of plasma vaiues 26
Placental cord blood Treatment or suppression of HSV < 0.1-0.7 mg/L (60-99% of maternal 10,11,14

infections during pregnancy: oral 200- plasma values)
Amniotic fluid 400mg g8h <0.1-2.6 mg/L (300-600% of maternal
plasma values
Breast milk Oral 1000 mg/d Up to 324% of maternal plasma values 18,20

vd 48 (range 22.5-101) L/1.73m2 1
Plasma protein binding 1V, resulting in plasma aciclovir

concentrations of 0.4-5.1 mg/L

9-33% independent of plasma 7,29
aciclovir concentration

Metabolism and Elimination

ti, IV 0.5-15.0 mg/kg 2-3h 6,7,16,17,23
t1, neonates 2.5-5.0h independent of dose 9,12
ti,, breastmilk Oral 1000 mg/d 2.8h 20
ti, CSF IV infusion 50 mg/kg + oral probenecid 1g  28h 3
per week
Renal excretion \") 45-79% of dose 6,16,17,23,24

CL 15.6 (range 5.5-30.2) L/h/1.73m?2 1
CL neonates 3.5-10.1 L/h/1.73m2 12,15
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Table Ill. Contd
Parameter/ medium Aciclovir route and dosage (duration) Value Reference
CLr 75-80% of CL 15

Mean % of dose recovered
unchanged in urine

45-79%, decreasing with decreased 6,16,17,23,24

creatinine clearance

a In neonates.

Abbreviations: Cmax= peak plasma aciclovir concentration; C* = steady-state plasma concentration; CL = total body clearance; CLr = renal
clearance; CSF = cerebrospinal fluid; d = days; h = hours; HSV = herpes simplex virus; IV = intravenous; q = every; tmax = time to peak plasma
concentration; t1,, = elimination half-life; Vd = volume of distribution; VZV = varicella zoster virus.

Reference key: 1 Blum et al. (1982); 2 Brigden et al. (1980); 3 Chavanet et al. (1990a); 4 Collum et al. (1985); 5 Corey et al. (1982); 6 de Miranda
et al. (1979); 7 de Miranda et al. (1982a); 8 de Miranda et al. (1982b); 9 Englund et al. (1991); 10 Frenkel et al. (1991); 11 Haddad et al. (1993); 12
Hintz et al. (1982); 13 Hung et al. (1984); 14 Kingsley (1986); 15 Laskin (1983); 16 Laskin et al. (1982a); 17 Laskin et al. (1982b); 18 Lau et al. (1987);
19 Lycke et al. (1989); 20 Meyer et al. (1988); 21 Niimura et al. (1990a); 22 Poirier et al. (1982); 23 Spector et al. (1981); 24 Spector et al. (1982a);
25 Straus et al. (1982); 26 Van Dyke et al. (1982); 27 Wade et al. (1982b); 28 Whitley et al. (1982b); 29 Data on file, Wellcome Foundation Ltd.

3. Therapeutic Efficacy in
Immunologically Competent Patients
3.1 Herpes Simplex Virus Infections

3.1.1 Perigenital Infections

Genital herpes is usually a result of HSV-2 in-
fection, but HSV-1 is estimated to be the causative
agent in 10 to 40% of cases of primary infection,
depending on geographical area (Sacks 1987).
First or initial clinical episodes of genital herpes
infection are termed primary when serological test-
ing at the time of presentation fails to reveal anti-
bodies specific for HSV in patients with no pre-
vious history of genital sores. Initial nonprimary
infections are first episodes in patients whose sera
are positive for HSV antibodies. In an untreated
primary infection the incubation period is 5 to 6
days, viral shedding lasts for 11 to 12 days, and
mucocutaneous lesions heal fully in about 18 to 22
days (Corey et al. 1983; Mindel & Sutherland
1983). Recurrent episodes are milder, with a mean
pain duration of 4 to 6 days, viral shedding time of
about 4 days, and a healing time of about 9 to 11
days (Corey et al. 1983; Thin 1988). Recurrences
develop more frequently when the initial infection
is caused by HSV-2 rather than HSV-1 (Barton et
al. 1984; Corey et al. 1983; Kinghorn et al. 1986;
Mertz et al. 1984).

Treatment of Initial and Recurrent Episodes
The efficacy of aciclovir treatment in initial
genital herpes infection of immunocompetent pa-

tients is well established (Richards et al. 1983;
O’Brien & Campoli-Richards 1989). Double-
blind, placebo-controlled studies have shown that
intravenous (5 mg/kg 3 times daily), oral (200mg
5 times daily) and, to a lesser extent, topical
aciclovir therapy (5% in polyethylene glycol oint-
ment or propylene glycol cream, applied 4 to 6
times daily), initiated within 4 days of the first ap-
pearance of signs or symptoms, produces signifi-
cant reductions in the duration of viral shedding
and time to complete healing of lesions in this type
of infection. Although efficacy was evident in sub-
sequent recurrences of the infection, statistically
significant amelioration of the course of infection
was particularly apparent in the more severe pri-
mary or initial episode. Pain and dysuria tended to
be less responsive to treatment with topical
aciclovir, and the ointment formulation appeared
less able to significantly reduce new lesion forma-
tion.

Oral aciclovir (400mg 5 times daily for 10 days)
also reduced the duration of viral shedding and rec-
tal lesions (p < 0.05) in initial rectal HSV infection
of 29 patients in a double-blind placebo-controlled
randomised trial (Rompalo et al. 1988).

The efficacy of topical aciclovir (5% ointment
applied every 4 hours for 7 days) has been inves-
tigated in a double-blind comparison with intra-
muscular recombinant interferon-a for the treat-
ment of initial genital herpes infection in 105
patients (Levin et al. 1989). Although there were
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Table 1V. Summary of double-blind, placebo (P)-controlled studies of prophylactic oral aciclovir (A) in patients with recurrent genital herpes

Reference No. of patients Dosage Duration of  Results: A vs Pa

(% female) therapy median time to first recurrence-free  mean monthly

(weeks) recurrence (days) patients (%) recurrence rate

Baker et al. 261 (65)°c 400mg bid 52 274* vs 19 46* vs5 0.15* vs0.73
(1989)b
Douglas et al. 143 (55) 200mg bid 12 120* vs 18 65* vs 6 0.14* vs 0.86
(1984) 200mg 5xd 12 120* vs 18 71* vs6 0.13" vs 0.86
Halsos et al. 31(0) 200mg qid 12 84* vs 14 77* vs 10 0.17* vs 0.87
(1985)d
Kroon et al. 24 (38) 400mg bid 12 >84* vs 13 71* vs0
(1989)d
Mertz et al. 950 (NR) 400mg bid 52 246 vs 18 44* vs 2 0.15"* vs 0.95
(1988Db)be
Mindel et al. (1984) 56 (61) 200mg qid 12 100** vs 14 86" vs4 0.05**vs1.4
Velasco et al. 51 (35) 400mg bid 24 88 vs4
(1991)!

a *p<0.001;** p<0.0001.

Multicentre study.

Subset of patients in Mertz et al. (1988).
Crossover study.

- 0 Q O T

Recurrences were treated with aciclovir 200mg 5 times daily for 5 days.
All patients received aciclovir 200mg 5 times daily for 10 days before beginning trial medication.

Abbreviations: bid = twice daily; gid = 4 times daily; 5xd = 5 times daily; NR = not reported.

no statistically significant differences between
therapies, there was a trend in favour of aciclovir
in time to healing, decreased pain, and viral
response (negative cultures) for infections
caused by HSV-1 or 2. Further, unlike aciclovir,
interferon-o. was associated with significant
toxicity.

Aciclovir treatment of first episode genital her-
pes infection does not alter the rate of recurrence
of the infection after drug withdrawal. Although
new lesion formation and viral shedding are inhib-
ited and the duration of episodes is reduced by 1 to
2 days with early oral aciclovir treatment of recur-
rent infections, the beneficial effects are less dra-
matic than those seen in the longer initial episodes.
Topical application of aciclovir in recurrent infec-
tions has produced conflicting results. In some pla-
cebo-controlled studies the 5% cream has shown
some clinical efficacy, while the 5% ointment has

shown little or no clinical effect (reviewed by
O’Brien & Campoli-Richards 1989).

Oral Prophylaxis for Suppression of

Frequently Recurring Episodes

Prophylactic oral administration of aciclovir at
dosages of 800 to 1000 mg/day for up to 1 year
suppresses recurrence of genital herpes in 71 to
88% of patients, as evidenced by most double-
blind placebo-controlled trials (table IV). Baker et
al. (1989) found similar results when assessed
quarterly (69 to 76% suppression during each 3-
month period), and observed an overall suppres-
sion rate of 46% for the year of therapy. According
to Goldberg et al. (1993) this lower figure was ob-
tained from analysis of a subset of the patients in-
vestigated by Mertz et al. (1988b), who reported a
suppression rate of 44% during one year of therapy.

Monthly recurrence rates were decreased sig-
nificantly with aciclovir treatment to a mean of
0.13 (range 0.05 to 0.17) for patients with recurrent
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genital herpes, compared with a mean of 0.95
(range 0.73 to 1.4) in patients receiving placebo in
5 well-controlled studies (see table IV). However,
recurrence rates returned to pretreatment frequen-
cies after discontinuation of aciclovir.

In an extended multicentre trial conducted in
950 patients, of whom > 500 were treated with oral
aciclovir 400mg twice daily (increased up to
800mg twice daily in 23 patients in the second and
third years) as prophylaxis for recurrent genital
HSYV infection-(table V), Mertz et al. (1988b) re-
ported 44% of aciclovir recipients to be recur-
rence-free in the first year of prophylaxis. In the
second year, when the study was changed to pro-
vide nonblinded suppressive aciclovir therapy in
all patients, about 49% of aciclovir recipients were
recurrence free (Mertz et al. 1988a). During the
third (Kaplowitz et al. 1991) and fourth (Goldberg
et al. 1989) years, the incidence of recurrence-free
patients approached or exceeded 60% each year.
This increase in percentage of recurrence-free pa-
tients with time is possibly associated with the
withdrawal of nonresponders as the trial pro-
ceeded. 25.4% of those receiving aciclovir prophy-
laxis for 3 years (Kaplowitz et al. 1991) and 20%
of those receiving aciclovir for 5 years (Goldberg

et al. 1993) experienced no recurrence for the en-
tire time.

Similarly promising results were obtained by
Rooney et al. (1992) in a double-blind placebo-
controlled crossover trial of oral aciclovir prophy-
laxis in patients with ultraviolet light-induced re-
activation of HSV-2 (200mg 5 times daily from 1
day before to 5 days after exposure). Recurrences
developed in 8% of aciclovir recipients, and in
36% of placebo recipients (p = 0.004).

The efficacy of oral aciclovir (800 mg/day for
12 to 24 weeks) has been compared with that of
oral inosine pranobex (1 to 4 g/day) in the suppres-
sion of recurrent genital HSV infection in 2 well
controlled studies (table VI). Both studies showed
a clear advantage for aciclovir in the number of
recurrence-free patients during treatment, the
monthly recurrence rate and the time to first recur-
rence after withdrawal of treatment.

Continuous prophylactic aciclovir treatment of
patients with recurrent attacks of genital HSV in-
fection is effective but drug acquisition costs are
high (Whatley & Thin 1991). Dosage reduction
and episodic treatment have been investigated as
possible means of reducing costs and increasing
patient compliance. Oral aciclovir 200mg 2 to 3

Table V. Summary of data from an extended multicentre investigation of patients with recurrent genital herpes receiving oral aciclovir (A)

400 to 800mg twice daily?

Reference Year of trial No. patients Trial design  Mean yearly Recurrence-free patients (%)
completing each recurrence rateP per quarter per year® cumulative
year

Mertz et al. (1988b) 1 A519 db,r 1.8 44* 44
P 431 1.4 2

Mertz et al. (1988a) 2 A 348 nb 1.4 49 29.1
P/A276 1.9 39

Kaplowitz et al. 3 A 289 nb 0.99* 63 25.4

(1991) P/A 236 1.4 56

Goldberg et al. 4 A+P/A 433 nb 80-89 63

(1989)c

Goldberg et al. 5 A+P/A 389 nb 0.8 86-89 69 20

(1993)

a Recurrences in all groups were treated with aciclovir 200mg 5 times daily for 5 days.

b *p<0.05; ** p<0.001; *** p <0.0001.
¢ Abstract.

Abbreviations: P = placebo; P/A = placebo for the first year, then aciclovir; db = double-blind; nb = nonblinded; r = randomised.
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Table VI. Summary of double-blind randomised trials of oral prophylaxis with aciclovir (A) versus inosine pranobex (I) or placebo (P) in

patients with frequently recurring genital herpes

Reference No. of Dosage Duration Results

patients (weeks) recurrence-free  mean monthly  time to first recurrence

patients (%) recurrence rate  post treatment (days)

Kinghorn et al. (1992) A53 400mg bid 24 69* 0.11* 143.7*

149 500mg bid 4 0.59 40.5

P24 21 0.42 56.2
Mindel et al. (1989) A4 200mg qid 12 64** 0.16** A<|***a

117 1g qid 0 1.22

a Values not reported.

Abbreviations and symbols: bid = twice daily; gid = 4 times daily; < indicates fewer days with aciclovir; * p < 0.05 vs | and P; ** p < 0.001;

***p < 0.0001.

times daily prevented recurrence of genital HSV
infection in 65 to 70% of patients (Douglas et al.
1984; Kroon et al. 1990). Selection of HSV strains
with clinically lowered sensitivity to aciclovir was
not apparent in the nonblinded dose-titration study
by Kroon et al. (1990). The effects of different dos-
age regimens on recurrent attacks using episodic
treatment begun on initiation of the prodromal
symptoms were compared by Whatley and Thin
(1991) in another nonblinded study. Dosages of
aciclovir 200mg 5 times daily for 5 days and
400mg twice daily for 5 days aborted 44% and 60%
of recurrences, respectively, and shortened the du-
ration of 38% and 17% of recurrences by = 50%.
However, this regimen would be restricted to pa-
tients with a clearly recognisable prodrome.

The use of oral aciclovir 200mg 4 times daily
from 1 week before term for an average of 10 days
was investigated in a preliminary report of a non-
blinded comparative study in pregnant women
with a history of recurrent genital HSV infection
(Stray-Pedersen 1990). Symptomatic recurrences
and asymptomatic viral shedding were completely
suppressed in all 92 treated women, whereas 12
such episodes (26%) occurred in the 46 untreated
control patients < 10 days before or during delivery
(p < 0.001). No infants were infected and no ad-
verse events were noted. However, evaluation of
the impact of this study should take into consider-
ation the occurrence of asymptomatic shedding de-
spite aciclovir therapy in some patients (section

1.2.2), and also the increased risk of infection in
infants if the mothers have primary rather than re-
current infections (Brown & Baker 1989).

3.1.2 Orofacial and Cutaneous Infections

In a randomised trial of patients with herpes
labialis, a decrease in mean duration of pain by
36% (p = 0.02) and mean healing time to loss of
crust by 27% (p = 0.03) were noted with oral
aciclovir (400mg 5 times daily for 5 days) versus
placebo administered in the prodromal or erythema
lesion stage (Spruance et al. 1990). The mean max-
imum lesion size and the frequency of aborted le-
sions were unaffected by aciclovir therapy, but the
frequency of positive viral cultures was signifi-
cantly decreased in aciclovir versus placebo recip-
ients (p = 0.004).

In a more recent double-blind trial in 20 patients
with a history of sun-induced herpes labialis, oral
therapy with aciclovir 200mg 5 times a day for 5
days starting 48 hours after ultraviolet radiation
exposure provided statistically significant im-
provements in mean maximum lesion area, mean
healing time to loss of crust, and mean healing time
to normal skin (p < 0.05) compared with placebo
recipients (n = 20) [Spruance et al. 1991]. The fre-
quency of aborted lesions, the mean duration of
pain and the frequency of positive viral cultures
were not affected.

Systemic aciclovir is also effective for therapy
of mucocutaneous (other than orofacial) HSV in-
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fections. Oral aciclovir 2000 mg/day for 10 days,
begun as early as possible after reactivation, re-
duced the mean duration of clinical symptoms (p
= 0.008), local and systemic signs of infection (p
= 0.024) and viral positivity (p =0.01) in a double-
blind placebo-controlled crossover study of recur-
rent HSV-2 infection of the hand (Gill & Bryant
1991). Individual case studies have also reported
the successful treatment of HSV whitlow with in-
travenous and oral aciclovir, and also successful
prophylaxis in such patients with orally adminis-
tered drug (O’Brien & Campoli-Richards 1989).

Prophylaxis with oral aciclovir (800 mg/day)
reduces the severity (Rooney et al. 1993; Thomas
et al. 1985) and frequency of orofacial and cutane-
ous HSV recurrence during treatment (table VII).
However, it appeared to have no effect on the rate
of recurrence after discontinuation of treatment.

Outbreaks of orofacial HSV infection can occur
among children in closed communities. An inves-
tigation of short term prophylaxis with oral
aciclovir in preventing the spread of infection and
limiting clinical symptoms in such a community
demonstrated its efficacy (Kuzushima et al. 1992).

Table VII. Summary of randomised double-blind placebo (P)-controlled studies of aciclovir (A) prophylaxis in patients with recurrent orofacial

or cutaneous HSV infections

Reference Number  Dosage of Duration of Results (A vs P)a
of _ aciclovir therapy recurrence-free  mean monthly  time to first time to first
patients (follow up) patients during recurrence rate  recurrence recurrence after
treatment (%) during treatment during treatment  treatment
(days) (days)

Topical Prophylaxis
Gibsonetal. 23 5% cream gid 16w (16w) 13 vs4 0.1 vs0.3* 41 vs43
(1986)
Raborn et A95 5% cream 5x  From 12h before 77 vs 57** A=pd
al. (1990)c P 96 daily exposure for <

7d (4d)
Spruance et A45 5% cream From time of 51 vs 60
al. (1991)e P 45 every 2h while exposure for 7d

awake

Oral Prophylaxis
Rooney et 20 400mg bid 16w (to 50 vs 15 0.21 vs 0.45* 118 vs 46* 28 vs 28
al. (1993)P recurrence after

withdrawal)
Spruance et A 33 200mg 5x daily From time of 82 vs 61 (100 vs
al. (1991)¢ P33 exposure or7d 64 for delayed

before, for 7-14d  recurrences***)t
Thomaset 11 200mg qid 12wd (to 82 vs 18 53 vs 34 39 vs28
al. (1985)P recurrence after

withdrawal)
a *p<0.05 **p<0.01;*** p<0.001.
b Crossover trial design.
¢ Skiers with sun-induced herpes labialis were exposed to sunlight.
d Values not reported.
e Patients with sun-induced herpes labialis were exposed to experimental ultraviolet light.
f

exposure.
g Changed to alternate regimen if recurrence occurred.

In placebo recipients, a small percentage of lesions developed within 48h of exposure, the remainder were delayed to 2-7d after

Abbreviations: d = days, h = hours, w = weeks, bid = twice daily, gid = 4 times daily.
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Aciclovir 30 to 60 mg/kg/day was administered to
37 children aged up to 3 years, for 7 days from the
first signs of the outbreak. The rate of seroconver-
sion to HSV (27 vs 91%) and the incidence of
symptomatic disease (0 vs 82%) were significantly
decreased in patients receiving aciclovir prophy-
laxis compared with untreated controls (n = 22).

Short term prophylaxis is also of potential use
in recurrent sun-induced HSV infections. In an ex-
perimental model of this disorder, oral aciclovir
prophylaxis completely inhibited the development
of lesions developing 2 to 7 days after ultraviolet
radiation exposure, but not those developing
within 12 to 24 hours of exposure (Spruance et al.
1991; table VII).

Aciclovir 5 or 10% ointment has mostly proved
ineffective for the treatment of recurrent orofacial
herpes in immunocompetent patients. However,
the 5% ointment was superior to the 1% ointment
(rated "effective” by 88 vs 55% patients) in a com-
parative trial of topical aciclovir treatment of cuta-
neous HSV infections (Niimura et al. 1992). The
5% cream appears to be superior to the ointment
formulation in recurrent orofacial infection out-
breaks, but reductions in symptoms remain small
(reviewed by O’Brien & Campoli-Richards 1989),
even with vehicle formulations offering improved
absorption (Raborn et al. 1989). This finding, how-
ever, may reflect delayed application, since out-
come appears to improve if the cream is applied
during the prodromal phase. There were no signif-
icant differences in subjective or objective param-
eters measured between 5% aciclovir cream and
1% tromantadine gel in a randomised double-blind
trial in patients with recurrent orofacial herpes (Os-
theimer et al. 1989).

Prophylactic topical aciclovir (5% cream) from
the time of exposure did not significantly decrease
lesion frequency or severity in an experimental
model of recurrent sun-induced HSV infections
(Spruance et al. 1991). However, the frequency of
orofacial HSV infection recurrence was reduced in
skiers receiving topical aciclovir prophylaxis 12
hours before exposure (Raborn et al. 1990) and se-
verity and frequency of herpes labialis recurrence

was reduced in patients receiving topical prophy-
laxis for 16 weeks (Gibson et al. 1986; table VII).

3.1.3 Ocular Infections

As reviewed by Richards et al. (1983) and
O’Brien and Campoli-Richards (1989) and sub-
sequently confirmed by Vajpayee et al. (1989), 95
to 100% of herpetic dentritic corneal ulcers are re-
solved in 5 to 9 days with aciclovir 3% ophthalmic
ointment applied 5 times daily. This formulation is
at least as effective as idoxuridine 0.5% and 1.0%
ointments, trifluridine 2% ointment (since con-
firmed by Hgvding 1989) and vidarabine 3% oint-
ment, and possibly takes effect more rapidly than
these antivirals. Geographic corneal ulcers also re-
spond to aciclovir ophthalmic ointment, which ap-
pears to have similar efficacy to that of vidarabine
in this indication. When combined with human in-
terferon-o, aciclovir 3% ophthalmic ointment
shortens the time to healing of superficial herpetic
keratitis (dendritic or geographic ulcers) by ap-
proximately 3 days, from the 7 to 9 days required
by aciclovir plus placebo (Colin et al. 1983; de
Koning et al. 1983; Meurs & van Bijsterveld
1985).

Aciclovir 3% eyedrops (2 drops in the inferior
conjunctival sac 5 times daily) were successful in
treating dendritic keratitis caused by HSV and
punctate keratitis caused by adenovirus in a pre-
liminary investigation (Cabezas 1991). Remission
of symptoms occurred in 4.2 and 6.8 days, respec-
tively, and all 13 patients were healed in 2 weeks,
without adverse effects. Further investigation of
this formulation is merited.

Some results obtained with oral aciclovir
(400mg 5 times daily) in superficial herpetic kera-
titis have been seen as equivocal, possibly because
of insufficient duration of therapy (O’Brien &
Campoli-Richards 1989). However, in a nonblind
study of oral (400mg 5 times daily) versus topical
(3% ophthalmic ointment 5 times daily) aciclovir,
administered until healing occurred (mean about
25 days) in 39 patients with active herpetic disci-
form keratitis, oral therapy was equivalent or supe-
rior to topical therapy (Porter et al. 1990). No sig-
nificant differences were found between the groups
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in rates of resolution of most clinical symptoms;
times to resolution of conjunctivitis, stromal infil-
tration and oedema, and uveitis; time to complete
healing; decrease in intraocular pressure; and re-
currence rates in the 3-year follow-up. There was
a significantly greater improvement in lacrimation
(resolved in 12.1 vs 27.6 days) and visual acuity
scores in tablet versus ointment recipients (p =
0.02).

The combination of aciclovir 3% ophthalmic
ointment with topical corticosteroids has proved
effective in the treatment of herpetic disciform ker-
atitis and necrotising stromal keratitis (Vajpayee et
al. 1989) where the antiviral alone has been inef-
fective. Power et al. (1992) demonstrated in a dou-
ble-blind comparative trial that healing occurred
significantly more quickly in patients with first ep-
isode (i.e. no previous steroid exposure) disciform
keratitis when treated with 3% aciclovir ointment
plus 0.1% betamethasone drops 5 times daily con-
tinued for 14 days after healing, than in patients
receiving aciclovir alone (p < 0.05). As reviewed
in O’Brien and Campoli-Richards (1989),
aciclovir 3% ophthalmic ointment appears to be as
effective as vidarabine ophthalmic ointment when
both are combined with a topical corticosteroid in
the treatment of herpetic disciform keratitis, and as
effective as trifluridine 1% ophthalmic solution in
herpetic kerato-uveitis, with patients in both
groups receiving local injections of dexametha-
sone as required. However, corneal ulcers may heal
more quickly in trifluridine recipients.

Colin et al. (1991) found that HSV uveitis in 13
of 14 patients who were previously untreated with
corticosteroids, and receiving topical (3% ophthal-
mic ointment 5 times daily) plus oral (200mg 5
times daily) aciclovir for 2 weeks, healed in a mean
of 3.6 weeks, while only 10 of 18 patients who had
received corticosteroids previously were healed
with this regimen, in a mean of 4.7 weeks. All re-
maining patients responded to additional cortico-
steroid treatment. The authors suggest that topical
plus systemic aciclovir may be considered as first-
line treatment in such patients, thus avoiding the
problems associated with corticosteroids. Simi-

larly, the combination of intravenous aciclovir (§
mg/kg every 8 hours) and trifluridine eyedrops (ev-
ery 3 hours) may be of use in patients with herpetic
keratoconjunctivitis associated with eczema
herpeticum (Margolis & Ostler 1990).

No recurrences of herpes simplex keratitis de-
veloped during prophylaxis with oral aciclovir 800
or 1000 mg/day in 4 or 5 divided doses for 12 to
15 months beginning prior to penetrating kerato-
plasty or on the first postoperative day in 13 pa-
tients (14 eyes), compared with recurrences in 4 of
9 untreated patients (9 eyes; p < 0.05) [Foster &
Barney 1992].

3.1.4 Other Herpes Simplex Virus Infections

Large collaborative studies comparing intrave-
nous aciclovir and vidarabine have established
aciclovir 10 mg/kg every 8 hours, administered for
at least 10 days, as the treatment of choice for bi-
opsy-proven HSV encephalitis (O’Brien &
Campoli-Richards 1989). Aciclovir was particu-
larly beneficial in improving overall survival rates
and reducing the incidence of serious sequelae to
infection. The efficacy of intravenous aciclovir
plus interferon-f was recently shown to be equiv-
alent to that of aciclovir alone in a retrospective
study of 214 children with HSV encephalitis
(Wintergerst & Belohradsky 1992). However, in a
subgroup of children with low-density areas in the
temporal lobes in cranial computed tomography
scans, the development of defects and mortality
was significantly lower in those receiving the com-
bination (p = 0.014).

Case reports of intravenous aciclovir treatment
of HSV-2-induced meningitis in 2 patients (5 and
10 mg/kg 3 times daily for 7 and 10 days, respec-
tively) and oral prophylaxis for recurrent meningi-
tis in 3 patients (200mg 3 or 4 times daily either
continuously or intermittently at onset of perigeni-
tal lesions) have provided promising but prelimi-
nary results (Bergstrom & Alestig 1990). Intrave-
nous aciclovir treatment (500mg every 8 hours) of
HSV meningitis was also beneficial in a previous
report (Levy & Sagar 1984).

There is also an instance of successful treatment
of HSV-associated exacerbation of Crohn’s disease
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with aciclovir 200mg 5 times daily, repeated every
3 weeks for 5 cycles (Riither et al. 1992). Surgery
was no longer necessary as a consequence of the
subsequent changes in the morphological and clin-
ical findings.

HSYV encephalitis (Frieden et al. 1990), dissem-
inated HSV infections (Cox et al. 1986; Grover et
al. 1985) and HSV hepatitis (Chazotte et al. 1987,
Klein et al. 1991; Lagrew et al. 1984) during preg-
nancy have been successfully treated with intrave-
nous aciclovir according to several case studies.
There is only one reported case in which a (possi-
bly immunocompromised) pregnant woman with
HSV encephalitis did not survive after aciclovir
therapy, although the infant was saved (Berger et
al. 1986). In contrast, attempts to treat HSV infec-
tions during pregnancy using other methods have
often resulted in failure. Frieden et al. (1990) report
the deaths of 4 pregnant women with HSV enceph-
alitis and 3 of the fetuses despite treatment with
idoxuridine, antituberculous treatment, septic
shock treatment or phenothiazines plus dexameth-
asone (possibly reflecting the difficulties inherent
in diagnosis of the disease). Similarly, of 10
women receiving treatments other than aciclovir
for HSV hepatitis in pregnancy reported by Klein
et al. (1991), only 4 mothers (including 2 of 3 re-
ceiving vidarabine) and 4 infants (including 1 of 3
whose mothers received vidarabine) survived.

Neonatal HSV infections appear to respond
clinically to intravenous aciclovir therapy with lit-
tle associated toxicity. In a blinded randomised
comparative trial of intravenous aciclovir and
vidarabine (both 30 mg/kg/day for 10 days) in 202
neonates with HSV infection, there were no signif-
icant differences in morbidity or mortality after a
year (Whitley et al. 1991). No infant with infec-
tions of the skin, eyes or mouth died, and 88% and
98% of vidarabine and aciclovir recipients, respec-
tively, were developing normally after a year. Of
the 71 infants with encephalitis, 14% in each treat-
ment group died, with normal development in 43%
and 29%, respectively, of the survivors after a year.
Of the 46 with disseminated disease, mortality was
50% in vidarabine recipients and 61% in aciclovir

recipients, and 58% and 60%, respectively, of the
survivors were developing normally after a year.
The authors stated a preference for aciclovir treat-
ment because of its ease of administration, and sug-
gested that higher doses of aciclovir for longer
treatment periods may be useful in refractory
cases. Continued use of aciclovir from birth to 3
years of age (initially intravenously and then
orally) has been reported for a preterm infant who
developed HSV meningitis and/or localised infec-
tion on each attempt to discontinue therapy
(Bergstrom & Trollfors 1991). The child devel-
oped normally during the period of prophylaxis.

Previous case reports (O’Brien & Campoli-
Richards 1989) of prevention of frequently recur-
ring herpes simplex-associated erythema multi-
forme with oral aciclovir (400 to 1000mg daily
administered prophylactically for up to 12 months)
have been substantiated in a double-blind placebo-
controlled trial of 400mg twice daily for 26 weeks
in 19 patients (Tatnall et al. 1991). A significant
reduction in the mean number of attacks was ob-
served with active treatment, and in 2 patients dis-
ease remission was complete. In a review of these
results and other patients receiving short oral
aciclovir courses (1000 mg/day for 5 days) or con-
tinuous suppressive oral aciclovir treatment, 54%
of patients experienced either partial or complete
suppression (Schofield et al. 1993). Successful
suppression of erythema multiforme with very low
dose aciclovir (200mg daily) for 11 months in 1
patient (Williams & Lever 1991) suggests that this
regimen offers a potential advantage for cost re-
duction over extended prophylaxis with the higher
dosage.

3.2 Varicella Zoster Virus Infections

3.2.1 Varicella (Chickenpox)

Varicella, or chickenpox, is the primary infec-
tion caused by VZV. Although in many otherwise
healthy children the disease is not severe, the asso-
ciated costs to parents and the community may be
reduced by returning the children to school more
quickly, and the use of aciclovir treatment in these
patients has recently been under discussion. As-
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Table VIIl. Summary of randomised double-blind placebo (P)-controlled trials of oral aciclovir (A) in otherwise healthy immunocompetent

patients with varicella

Mean number of residual lesions on day 28.
Oral suspension.

Reference Patient age Dosage Interval Number Results: A vs P2
(.ye.zgrs) .(duration fromrash  of _ number of duration of time to healing duration of  severity/
[initial indays)  onsetto patients  |egjons new lesion  (days) fever (days) duration
occurrence start of formation of
in treatment (days) pruritus
household] (hours)
Adults
Andreoni etal. 18-25 800mg <48 A: 50 A=P A=P A=Pb A< P*c A<P*
(1992) 5xd (5) P: 50
Wallace etal. 17-33 800mg <24 A: 38 A<P* A<P* A< Prd A<P* A< P*e
(1992) 5xd (7) P: 38 (268 vs500) (2.7 vs3.3) (5.6 vs7.4) (24 vs27)
>24t072 A: 36 A>P* A>P* A=Pd A=P A=P
P: 36 (233 vs158) (3.0vs2.3) (7.0vs6.8) (2.0 vs 2.1)
Adolescents
Balfour et al. 13-18 800mg <24 A: 31 A<P* A< P A<P* A<P*
(1992) qid (5) P: 31 (397 vs421) (2.7 vs3.2) (22.7 vs92.7)f
Children
Balfouretal. 5-16[86%] 10-20 <24 A: 50 A<P* A=P A< P***h A< P A=P
(1990) mg/kg9 P: 52 (336 vs500) (3 vs3) (3vs4) (1vs2)
qid (5-7)
Dunkleetal. 2-12[55%] 20 <24 A: 367 A< P A<P** A< P A< P A< P
(1991) mg/kgd P:357 (294 vs 347) (13 vs 33)f
qid (5)
Ghirgaetal. 4-8[100%] 5mgkg NR A: 30 A<P* A<Ph A<P
(1992) qid (2) P: 30 (80 vs 130) (2 vs3.5) (0.5vs1)
a "p<0.05*p<0.01; "™ p<0.001.
b % crusted by day 6.
¢ Onday 1.
d Time to 100% crusting.
e Onday 5.
f
g
h

Median time to decrease in number of lesions.

Abbreviations: A < P = values for aciclovir recipients less than those for placebo recipients; A=P = values for aciclovir and placebo recipients
similar; A > P = values for aciclovir recipients greater than those for placebo recipients; NR = not recorded; gid = 4 times daily; 5xd = 5 times

daily.

pects such as the effects of aciclovir on immune
function, the drug’s acquisition costs, the recom-
mendation that it be administered within 24 hours
of illness, the possible development of antiviral re-
sistance, and the possible adverse effects (despite
the good tolerability profile to date) of such poten-
tial widespread therapy are also of concern.
Several well-designed studies have investigated
the efficacy of oral aciclovir in the treatment of

children, adolescents and adults with varicella (ta-
ble VIII). Initiation of treatment within 24 hours of
appearance of the rash was associated with a sig-
nificant decrease in the total number of lesions (by
6 to 46%), time to healing of lesions (by 1 to 2
days) and duration of fever (by 0.5 to 1 day) with
aciclovir therapy compared with placebo (Balfour
etal. 1990, 1992; Dunkle et al. 1991; Wallace et al.
1992). Time to cessation of new lesion formation
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was also significantly decreased (by about 0.5
days) [Balfour et al. 1992; Dunkle et al. 1991;
Wallace et al. 1992], as was severity or duration of
pruritus (Andreoni et al. 1992; Dunkle et al. 1991;
Wallace et al. 1992), in several trials. Similar re-
sults were reported in a noncomparative study in
31 adolescents and adults (Feder 1990) and several
case reports (Marino & McDonald 1991). When
aciclovir treatment was initiated later than 24 hours
after the appearance of the rash, results were equiv-
ocal (Andreoni et al. 1992; Wallace et al. 1992).

There has been little information on the treat-
ment of varicella in neonates, but there are isolated
reports that clinical improvement occurred in 10
infants who developed uncomplicated varicella
soon after birth and were treated with intravenous
aciclovir 5 to 15 mg/kg/day for 5 to 8 days
(Kavaliotis 1992; Wirth et al. 1987). Disseminated
VZV disease in an infant treated with VZV immu-
noglobulin (2 days after birth) and intravenous
aciclovir (1500 mg/m?/day for 7 days) from the
fifth day of illness (after dissemination had oc-
curred), however, resulted in fatality (King et al.
1986).

A nonblinded study which assessed 25 non-
randomised age-matched controls, investigated the
prevention of clinical symptoms of varicella with
oral aciclovir (40 or 80 mg/kg/day for 7 days) in
25 children exposed to an index case in the family
(Asano et al. 1993). The children were previously
unexposed to varicella, and therapy was begun 7 to
9 days after the onset of illness in the index case.
Four (16%) aciclovir recipients developed mild
symptoms of varicella, and one of these developed
fever. All control group children developed mod-
erate to severe symptoms, with fever in 17 (p <
0.01).

Complications of Varicella

Although few varicella cases occur in adults,
this group accounts for a large proportion of the
hospitalisations and deaths associated with the dis-
ease. The most frequent complication of varicella
in adults is varicella pneumonia (Haake et al.
1990). In a retrospective study, intravenous
aciclovir (3 to 10 mg/kg every 8 hours for 5 days)

was begun within 36 hours of admission in 11 pa-
tients, followed by oral aciclovir in 6, and was
compared with no treatment in 27 patients. Signif-
icantly lower mean temperatures and respiratory
rates, and greater improvement in oxygenation,
were evident within 5 to 6 days of hospitalisation
in aciclovir recipients (Haake et al. 1990). Good
therapeutic responses to intravenous aciclovir ther-
apy (5 mg/kg every 8 hours) were also noted in
another retrospective study of 7 patients with var-
icella pneumonia (Garcia Quintana et al. 1992).

Maternal mortality rates as high as 41% have
been reported for pregnant women with varicella
pneumonia when not treated with antivirals
(Lotshaw et al. 1991). Several case reports of in-
travenous aciclovir therapy (15 to 45 mg/kg/day
for 4 to 10 days), plus oral therapy in some patients,
have appeared in the literature in the past few years
(Broussard et al. 1991; Smego & Asperilla 1991).
Of the 22 mothers evaluated, 3 died of uncontrolled
infection or complications. Neither congenital var-
icella syndrome nor active perinatal varicella oc-
curred in any child.

Oral aciclovir (200mg 4 times daily for 7 days)
has been successfully employed in the treatment of
peripheral chorioretinitis developing as a compli-
cation of varicella in an adult (Kelly & Rosenthal
1990).

3.2.2 Herpes Zoster (Shingles)

Recrudescence of previous VZV infection re-
sults in cutaneous expression as herpes zoster or
shingles. Intravenous (5 to 10 mg/kg 3 times daily
for 5 days) and oral (800mg 5 times daily for 7 to
10 days) aciclovir therapy beginning within 72
hours of exanthem onset attenuated the develop-
ment of rash and pain in 9 double-blind placebo-
controlled studies involving a total of 1044 immu-
nocompetent patients with acute herpes zoster, and
appeared to offer protection against ocular involve-
ment in patients with trigeminal zoster (see review
by O’Brien & Campoli-Richards 1989; and Mor-
ton & Thomson 1989). Therapeutic efficacy was
maximised with early initiation of therapy.

Post-herpetic neuralgia occurs in 13 to 40% of
patients aged > 60 years (McKendrick et al. 1989).



Aciclovir: A Reappraisal

177

Results of earlier double-blind placebo-controlled
studies assessing the effects of oral aciclovir (2000
to 4000 mg/day for 5 to 10 days) in this condition
have been equivocal. No significant difference in
the incidence of post-herpetic neuralgia was seen
in two studies of 2000 mg/day and one of 4000
mg/day between aciclovir and placebo groups
(Huff et al. 1988; McKendrick et al. 1984; Wood
et al. 1988), but a lower incidence in patients re-
ceiving 4000 mg/day (p<0.05) was reported (Huff
et al. 1988).

Surman et al. (1990) investigated the effect of
aciclovir 4000 mg/day given orally for 12 weeks
in a small group of patients with a history of herpes
zoster and with post-herpetic neuralgia of > 2
months’ duration. While pain was significantly de-
creased during treatment in aciclovir recipients,
during follow-up of 2 months there were no differ-
ences in this variable between aciclovir (n = 11)
and placebo (n = 9) groups.

In contrast, a double-blind placebo-controlled
study has demonstrated a significant and more sus-
tained decrease in the monthly prevalence of pain
and other post-herpetic neuralgia symptoms in pa-
tients with acute herpes zoster receiving oral
aciclovir 800mg 5 times daily for 7 days (Morton
& Thomson 1989). At one month, pain was re-
ported by 60% of placebo versus 33% of aciclovir
recipients (p = 0.026) and the difference remained
significant for the second (p = 0.011) and third (p
= 0.0082) months. Other post-herpetic neuralgia
symptoms (numbness, itching etc.) were present in
significantly fewer aciclovir recipients from the
third to the sixth months (p = 0.043).

In a reanalysis of the combined results of 3 of
these trials (Huff et al. 1988; Morton & Thomson
1989; Wood et al. 1988) plus a trial investigating
aciclovir in zoster ophthalmicus (Harding & Porter
1991; see next section), the duration of post-her-
petic neuralgia (time to first cessation of pain) was
shorter in aciclovir recipients but the difference did
not reach statistical significance. However, when
the definition of post-herpetic neuralgia was ex-
tended to include the time to complete cessation of
pain, thus excluding the results from 364 patients

in the trial by Wood et al. (1988) for whom this
parameter was not recorded, a significant decrease
in the duration of pain was demonstrated (from
mean 86 to 49 days, p < 0.001; Crooks et al. 1991).

The efficacy of oral aciclovir (800mg 5 times
daily for 7 days) has been compared with that of
topical idoxuridine (40% in dimethylsulfoxide
once daily for 4 days) in a randomised double-
blind trial of patients with uncomplicated herpes
zoster infection (Aliaga et al. 1992). The outcome
of this trial may have been affected by the inclusion
of patients up to 4 days after the appearance of
lesions and by possible differences between the 2
treatment groups in initial disease characteristics.
However, topical idoxuridine appeared to be supe-
rior to aciclovir in reducing the time to drying of
vesicular lesions (7.1 vs 8.3 days, p < 0.05), pre-
venting new lesion formation during treatment (24
to 28% vs 43 to 50% of patients, p <0.01) and time
to resolution of pruritus (8.9 vs 12.0 days, p < 0.05)
and hyperaesthesia (5.6 vs 11.0 days, p < 0.05).
Aciclovir was as effective as idoxuridine in time to
disappearance of papulopustules, appearance of
first scabs, loss of all scabs, disappearance of ery-
thema and disappearance of pain, but analgesic
drugs were discontinued earlier in the idoxuridine
group (9.3 vs 12.4 days, p < 0.01). Six of 85 pa-
tients receiving idoxuridine developed erythema (1
withdrawn) compared with none of the 86 aciclovir
recipients. There was no significant difference be-
tween the groups in the number of patients devel-
oping post-herpetic neuralgia (5 receiving idox-
uridine and 12 aciclovir).

Severe herpes zoster in 47 elderly patients with
cancer was treated with intravenous aciclovir (10
mg/kg 3 times daily for 5 days) or oral brivudine
(125mg 4 times daily for 5 days) in a randomised
double-blind trial (Wutke et al. 1991). There were
significantly greater reductions in mean pain score
and time to the last new lesion with brivudine treat-
ment (p = 0.02), but no significant differences in
time to loss of vesicles or time to full crusting, and
neither therapy appeared to influence post-herpetic
neuralgia. No severe adverse effects occurred with
either drug.
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Zoster Ophthalmicus

Results of comparative trials investigating the
effects of 3% aciclovir ophthalmic ointment in the
treatment of VZV infection of the ophthalmic divi-
sion of the trigeminal nerve have been equivocal.
McGill and Chapman (1983) found corneal epithe-
lial lesions resolved significantly more quickly
with aciclovir ointment than with topical steroids,
while there were no differences between treat-
ments in stromal, uveal or scleral responses. How-
ever, Marsh and Cooper (1991) concluded that top-
ical aciclovir alone was insufficient in severe
inflammation, and that combination with steroids
may be appropriate in these patients. The latter trial
included patients treated up to 3 weeks after the
appearance of the skin rash, which may have com-
promised the efficacy of aciclovir (Herbort 1992).

In marked contrast, placebo-controlled trials of
oral aciclovir (600 to 800mg 5 times daily for 10
days) for zoster ophthalmicus, initiated within 72
hours of skin eruption, provide clear evidence of
long term benefit. Cobo et al. (1985, 1986) re-
ported reductions in ocular complications over 12
months of follow-up which were statistically sig-
nificant for dentriform keratopathy (occurred in
14% of 36 aciclovir recipients vs 31% of 35 pla-
cebo recipients, p < 0.05), stromal keratitis (25 vs
56%, p < 0.01) and anterior uveitis (19 vs 49%, p
< 0.05). Similarly, Harding and Porter (1991) re-
ported a significant reduction with oral aciclovir
(800mg 5 times daily for 10 days) in the frequency
of active intraocular disease after 6 months of fol-
low-up (5% of 24 aciclovir recipients had chronic
uveitis vs 42% of 22 placebo recipients, p < 0.01),
and nonsignificant reductions in the frequency
(aciclovir 30 vs placebo 51%) and severity of com-
plications during the trial (treated with topical
aciclovir ointment and mydriatics). Mean pain
scores (recorded using a visual analogue scale)
were significantly lower in aciclovir recipients
from week 5 (1.9 vs 13.6mm, p = 0.02) to the last
follow-up at 6 months (1.0 vs 9.3mm, p = 0.03),
suggesting a positive effect on post-herpetic neu-
ralgia. Extending the treatment period of aciclovir
800mg 5 times daily from 7 to 14 days provided no

improvement in the outcome of zoster ophthalmi-
cus in a double-blind comparative trial (Hoang-
Xuan et al. 1992).

Other Zoster Complications

In several case reports, intravenous aciclovir
treatment (5 to 10 mg/kg every 8 hours) of herpes
zoster-associated encephalitis and herpes zoster
oticus resulted in rapid resolution of infection
(O’Brien & Campoli-Richards 1989). Success
with intravenous or oral aciclovir has been sub-
sequently documented in the treatment of herpes
zoster myelitis (Chotmongkol & Phankingthong-
kum 1992), herpes zoster-associated idiopathic vo-
cal cord paralysis (Benninger 1992), and Rosai
Dorfman disease associated with VZV infection in
a patient with negative EBV capsid antigen results
(Baildam et al. 1992). Recent reports of aciclovir
treatment of herpes zoster oticus have been posi-
tive in most cases. In a randomised study of intra-
venous aciclovir (10 mg/kg every 8 hours)/pre-
dnisolone versus placebo/corticosteroid, 5 of 8
patients versus 3 of 7 (p < 0.05) improved in facial
function grade (Ramos Macias et al. 1992). Of 5
patients with atraumatic facial palsy, 4 completely
recovered and 1 improved after oral aciclovir ther-
apy (200 to 400 mg 5 times daily for 5 days) in a
series of case reports by Albeck and Ninn-Pedersen
(1989). In 5 similar but severely affected patients,
the initial facial function grades improved (final
function 70 to 90%) after intravenous aciclovir (5
mg/kg every 8 hours for 5 to 8 days) followed by
oral therapy in 3 patients (400mg 5 times daily for
7 days) [Uri et al. 1992].

The prevention of recurrence of severe almost
constant aphthae [suggested to be caused by reac-
tivation of latent VZV (Pedersen 1989)] was
achieved with oral aciclovir therapy (800mg twice
daily for 10 weeks) in 2 of 8 patients, with occa-
sional recurrences in a further 4; however the re-
maining 2 patients received no benefit (Pedersen
1992). In an earlier report using a lower dosage
(400mg twice daily for a year), there was no sig-
nificant difference in prevention of recurrent
aphthae between patients receiving constant
aciclovir (n =25, 18 with a history of aphthae) and
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those receiving intermittent treatment (200mg 5
times daily for 5 days; n = 19, 13 with a history of
aphthous ulcers) for genital HSV outbreaks
(Wormser et al. 1988). 20% of those receiving con-
tinuous aciclovir therapy had fewer attacks than
before treatment, 24% had more attacks, there was
no difference in 48%, and the remainder were un-
evaluable.

3.3 Other Viral Infections

The addition of intravenous aciclovir (250mg 3
times daily) to intravenous immunoglobulin and
hydrocortisone, as described in a recent case report
of a patient with infectious mononucleosis and se-
vere thrombocytopenia, resulted in an immediate
response and normalisation of the thrombocyte
count within 3 days (Hugo et al. 1989). Two
randomised double-blind trials of intravenous (10
mg/kg every 8 hours for 7 days, n = 31; Andersson
et al. 1986) or oral (600mg 5 times daily for 10
days, n = 120; van der Horst et al. 1991) aciclovir
monotherapy in infectious mononucleosis have
demonstrated only nonsignificant trends towards
more rapid improvement with aciclovir than with
placebo.

The estimated 200 to 300 million carriers of
hepatitis B virus (HBV) worldwide risk severe
liver disease if the infection is left unchecked
(Main 1991). The efficacy of aciclovir in treating
patients with chronic hepatitis B is uncertain. Two
randomised comparative studies of intravenous
aciclovir 45 mg/kg/day for 4 weeks failed to show
a statistically significant effect on the rate of
seroconversion (Alexander et al. 1987; Guarascio
et al. 1986a). However, small noncomparative
studies have suggested some additional effects
when aciclovir is added to interferon-o. treatment
(Guarascio et al. 1986b, 1990; Schalm et al. 1985).
In a randomised comparative trial (Berk et al.
1992), 44 patients with chronic hepatitis B re-
ceived intravenous aciclovir (2000 mg/day) for
two 2-week courses during treatment with subcu-
taneous interferon-o for 16 weeks. Although at 1-
year follow-up there was no statistically signifi-
cant difference in rate of seroconversion (25%)

compared with that in 43 similar patients who re-
ceived no treatment (14%), a partial response was
reported for 30 versus 5% of patients in these re-
spective cohorts (p < 0.05).

It has been suggested (Trépo et al. 1986) that
aciclovir efficacy in chronic active hepatitis is
greater in patients with low levels of HBV replica-
tion before treatment. This view was supported in
anoncomparative pilot study of oral aciclovir (600
mg/day for 4 weeks) in 10 patients (Minuk et al.
1992). Aciclovir was administered after a 4-week
tapered course of oral prednisone on the premise
that thymidine kinase activity increases during the
regenerative response to steroid-induced hepatitis.
The results were encouraging: 7 patients lost at
least one, and 2 of these lost all, serological mark-
ers of HBV replication, either transiently or during
the entire 6-month follow-up period. Most patients
had had hepatitis since childhood and were of
Southeast Asian origin or were homosexual (HIV-
negative), factors thought to indicate reduced re-
sponse to antiviral therapy. Comparative clinical
trials are required to investigate these results fur-
ther, as it is possible that the response reflected
steroid withdrawal alone.

It is considered likely that papilloma of the lar-
ynx is of viral aetiology, probably caused by the
DNA virus, human papillomavirus. The disease
tends to recur after surgical removal of the tumour.
In one child with laryngeal papillomatosis, surgi-
cal excision of the tumour was followed by recur-
rence of the disease within 3 months. The tumour
was again excised and intravenous aciclovir (300
mg/day for 5 days) was initiated. Two other chil-
dren with laryngeal papillomatosis received oral
aciclovir (500 to 600 mg/day for 5 to 6 months)
prophylaxis on removal of the tumours. No recur-
rence occurred in any of the 3 children for follow-
up periods of 18 to 42 months (Lopez Aguado et
al. 1991). A study to investigate these effects is
presently underway.

The childhood syndrome epilepsia partialis
continua, involving continuous partial motor sei-
zures, has been treated in 4 patients with aciclovir
30 mg/kg/day, administered intravenously initially
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and then orally, for long periods (duration not stip-
ulated; Ragazzo et al. 1991). The condition was
interrupted in all patients after 1 to 2 weeks of treat-
ment, isolated partial motor seizures previously oc-
curring when the patients were not experiencing
status epilepticus reduced by 10 to 50% of initial
frequency, and neurological status improved.

4. Therapeutic Efficacy in
Immunologically Compromised Patients
4.1 Treatment of Established Infections

4.1.1 Herpes Simplex Virus

The efficacy of intravenous or oral aciclovir in
the treatment of immunocompromised patients
with HSV infections is well established. Intrave-
nous (250 mg/m? 8-hourly) and oral (400mg 5
times daily) aciclovir administration significantly
accelerates the resolution of viral shedding and
pain, and reduces time to healing in these patients.
Topical administration of aciclovir 5% ointment
was effective in reducing the period of pain and
viral shedding in recurrent cutaneous orofacial in-
fections in one study of renal transplant recipients
(Whitley et al. 1982a). However, the usefulness of
the topically applied drug is limited to patients with
solely external mucocutaneous lesions, with no
benefit for those with intraoral or intravaginal in-
fection or those with viscerally disseminated dis-
ease (see reviews by Meyers 1985; O’Brien &
Campoli-Richards 1989; Richards et al. 1983).

A combination of aciclovir 5% and the ribonu-
cleotide reductase inhibitor 348U87 3% was ap-
plied topically as a cream every 3 hours for 14 to
42 days to the lesions of 10 HIV-infected patients
with anogenital HSV infections resistant to
aciclovir (Safrin et al. 1993). Although the lesion
areas decreased during the first 14 days of therapy
in 7 patients, complete healing of the area occurred
in only 1. Seven patients reported reduction of pain
and 8 noted decreased erythema during therapy.

Severe infections refractory to normal dosages
of aciclovir may respond to higher dosages. Severe
HSV-associated hepatitis developing 24 days after
high dose chemotherapy and autologous bone mar-
row transplantation in a patient treated with oral

aciclovir (200mg 5 times daily) from 7 days pre-
operatively was successfully treated with high dos-
age intravenous aciclovir (10 mg/kg 3 times daily;
Hayashi et al. 1991). Although drugs such as
foscarnet (Safrin et al. 1991) are commonly used
in patients with infection caused by resistant
strains of HSV, high-dose aciclovir may also be
useful in these patients. HSV infections refractory
to intermittent intravenous aciclovir (30 to 40
mg/kg/day for 13 to 21 days) in 3 immuno-
compromised patients resolved with continuous
infusion of aciclovir 1.22 to 6.25 mg/kg/hour for 8
to 46 days (Fletcher et al. 1989). The isolates from
all 3 patients were deficient in thymidine kinase
activity. Continuous infusion of aciclovir at 1.5 to
2.0 mg/kg/hour for 6 weeks was also successful in
the treatment of 2 immunocompromised patients
with ulcerative proctitis caused by HSV resistant
to intravenous aciclovir 10 mg/kg every 8 hours as
a result of viral mutation (Engel et al. 1990).

4.1.2 Varicella Zoster Virus

VZV infections occur often in immuno-
compromised patients and may be severe. Painful
skin lesions and post-herpetic neuralgia are com-
mon complications, and mortality rates of 6 to 17%
have been associated with disseminated disease
from primary (varicella) or recurrent (herpes zos-
ter) infection (Shepp et al. 1986). A discussion of
the morbidity and mortality of VZV infection in
these patients is provided by O’Brien & Campoli-
Richards (1989).

Several placebo-controlled or comparative tri-
als have examined the effect of aciclovir in the
treatment of VZV infections in immunologically
compromised patients. In double-blind placebo-
controlled trials of intravenous aciclovir (500
mg/m? every 8 hours for 5 to 8 days) in patients
with cutaneous dissemination of herpes zoster or
children with varicella, reductions in duration of
viral shedding and/or scabbing time were statisti-
cally significant for aciclovir versus placebo (Bal-
four et al. 1983; Nyerges et al. 1988), or were sim-
ilar in both groups (Prober et al. 1982).
Deterioration of patient condition and progression
of the disease were significantly reduced in
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aciclovir recipients in all 3 trials compared with
placebo.

Intravenous aciclovir was as effective as oral
brivudine in reducing the time to scabbing and du-
ration of new lesion formation in immuno-
compromised children with VZV infections, al-
though patient numbers were small (table IX).
Similarly, intravenous aciclovir was mostly at least
as effective as intravenous vidarabine in reducing
time to scabbing, duration of new lesion formation
(in the majority of trials) and duration of viral shed-
ding, and was significantly more effective in re-
ducing time to healing, in immunocompromised
children and adults with VZV infections (table IX).

Four of 5 patients with cystic fibrosis and VZV
infections who received intravenous aciclovir (10
mg/kg every 8 hours for 7 days) within 24 hours of
appearance of the rash, had clinical improvement
within 72 hours and stable forced expiratory vol-
ume during 1 year’s follow-up (Ong et al. 1991).

Disseminated herpes zoster in a woman 14
weeks pregnant was successfully treated with in-
travenous aciclovir (5 mg/kg every 8 hours for 10
days) about 12 months after bone marrow trans-
plantation; a healthy infant was delivered at full
term (Horowitz & Hankins 1992). In another case
report, a child with leukaemia received successful
intravenous aciclovir treatment (17 to 20 mg/kg
every 8 hours for 10 weeks) for multifocal
leucoencephalitis caused by VZV (Carmack et al.
1993).

In a randomised nonblinded trial of intravenous
(250 mg/m? 3 times daily for 7 days, n = 13) versus
oral (800mg 5 times daily in adults and 400mg 5
times daily in children for 7 days, n = 14) aciclovir,
treatment was begun within 3 days of appearance
of the rash in bone marrow recipients with
localised herpes zoster (Ljungman et al. 1989).
There were no differences between the groups in
duration of new lesion formation (median 2, range
0 to 4 days for both groups), time to healing [intra-
venous 5 (2 to 8) days, oral 6 (3 to 10) days] or time
with pain [intravenous 3 (0 to 21) days, oral 4 (0 to
14) days]. Similar results were achieved in a trial
using high dose oral aciclovir suspension (800mg

5 times daily for 7 days), which was significantly
superior in healing and preventing the dissemina-
tion of varicella in immunocompromised children
than placebo in historical controls (Mészner et al.
1993). Oral administration of aciclovir, if proved
as effective as intravenous administration in fur-
ther comparative studies, may offer potential cost
advantages over the parenteral route in patients not
requiring hospitalisation (Gnann & Whitley 1991).

In a double-blind investigation, topical aciclo-
vir in polyethylene glycol ointment base proved
significantly superior to placebo clinically (re-
duced time to pustulation, crusting and healing),
but duration of viral shedding and pain resolution
were unaffected, in immunocompromised patients
with localised herpes zoster (Levin et al. 1985). As
with HSV infections, use of topical aciclovir for-
mulations in immunocompromised patients ap-
pears to be limited.

4.1.3 Epstein-Barr Virus

Clinical response of EBV infection to aciclovir
therapy has been limited, despite the susceptibility
of this organism to the drug in pharmacodynamic
studies. Reactivation of latent infection occurs fre-
quently on discontinuation of aciclovir administra-
tion, especially in immunocompromised patients
(reviewed by O’Brien & Campoli-Richards 1989).
Recent case reports {Glick & Pliskin 1990; Naher
et al. 1990) and nonblinded studies (Brockmeyer
et al. 1989; Herbst et al. 1989) of high-dose oral
aciclovir in the treatment of patients with oral hairy
leucoplakia provide evidence of efficacy during
drug administration, but also demonstrate the
inevitable recurrence of disease on drug with-
drawal. Continuous infusion of aciclovir (1.46 to
9.7 mg/kg/hour for 5 to 21 days) resulted in reso-
lution of EBV infection previously refractory to
intermittent therapy (30 mg/kg/day intravenously
or 100 mg/kg/day orally for 5 to 12 days) in 2 of 4
immunocompromised patients (Fletcher et al.
1989).

4.1.4 Cytomegalovirus
Despite transient effects on viraemia and possi-
bly viral titre in the target organ, aciclovir treat-
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Table IX. Summary of comparative clinical trials of intravenous aciclovir (A) and intravenous vidarabine (V) or oral brivudine (B) in
immunocompromised patients with VZV infections

Reference Maximum Dosage Type of Results (A vs V or B)a
pretreatment (durationin infection (no. of “soaphing™ duration of  durationof  timeto  comments
duration of  days) patients) time new lesion viral healing
infection (days) formation shedding (days)
(days) (days) (days)
Heidl et al. >2in9A& A1500 Varicella (8A/6B) A= B¢ A=B Disseminated
(1990, 1991)b 7B patients mg/m2/d (=5) Herpes zoster (12 vs10) (4 vs5) disease before
(in children) B 5 mg/kg (14A/15B) treatment: 7A/3B
q8h (=5) Treatment
failures: A=B (2
Vs 2)
Kunitomi et A4;V5 A5-10 Varicella (5A/8V) A=V A2V A=V
al. (1989)P mg/kg q8h 8.2vs (4.0vs2.1) 5.4 vs3.3
(in children) (4-7) 6.1)
V10 Herpes zoster A<V A=V A=V
mg/kg/d (3-5) (4a/8v) ©8vs (23vs30) (43vs53)
10.1)
Sheppetal. 3 A 500 Varicella A<V*™*e A<V* A<V A<V**  Cutaneous
(1986)b mg/m2g8h  (11A/11V) (7vs17) (3vs6) (4vs7) (17 vs 28) dissemination:
(7) A<V*(0/10 vs
V10 5/10)d
mg/kg/d (7) Treatment
failures: A<V
(0/11 vs 4/11)
Recurrence of
herpes zoster: 5w
(1/11 vs 0/11)
Vildé et al. 3,orifnew A10mgkg Varicella A=V A<Vt Recurrence of
(1986)b lesions still  g8h (5)e (10A/8V) (3.9 vs4.7) varicella: 3d (2/10
forming V3o Disseminated A=V AgVI vs 0/8)
mg/kg/d (5)°  herpes zoster (2.6 vs 2.9)
(10A/10V)
Whitley etal. A5.9;V54 A10mg/kg Disseminated A=V A=V A<V*h  Post-herpetic
(1992)9 q8h (27) cutaneous (40-50% (2.2 vs 1.7 for 8.7vs neuralgia:
V10 herpes zoster by day 7) primary 11.9) A=V (40% vs
mg/kg/d (27) (37A/36V) dermatome) 50% at 6 monthks)

*p <0.05; ** p<0.01; *** p< 0.001.

No controls for bias included.

Crusting time.

Patients entering with localised dermatomal disease.

Two vidarabine-treated patients and 3 aciclovir-treated patients received therapy for 7 days due to the severity of illness.

Virus was isolated from 9 aciclovir and 10 vidarabine recipients.

Double-blind trial.

During hospitalisation.

Abbreviations and symbols: d = days; g8h = 8-hourly; = indicates equivalence; w = weeks: < indicates non-statistically significant tendency
in favour of aciclovir; 2 indicates tendency in favour of comparative drug; < indicates significant advantage for aciclovir (p < 0.05).
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ment of symptomatic CMV infection in im-
munocompromised patients has resulted in little
clinical improvement, and has not generally im-
proved survival rates (reviewed by O’Brien &
Campoli-Richards 1989), although intravenous
aciclovir (45 mg/kg/day) has been effective in iso-
lated cases (Sugiura et al. 1991). Six im-
munocompromised patients who had not re-
sponded to intermittent intravenous aciclovir (10
to 30 mg/kg/day for 4 to 7 days) were given con-
tinuous aciclovir infusion (0.45 to 3.3 mg/kg/hour)
for 2 to 29 days with resolution of the infection in
2 recipients (Fletcher et al. 1989).

4.1.5 Human Immunodeficiency Virus

The role of herpesvirus infections in the trans-
mission of HIV and development of AIDS is as yet
incompletely understood. Disruption of the muco-
sal epithelium may result in increased spread of
infection by HIV seropositive patients with genital
ulceration, and increased seroconversion in HIV-
negative patients with genital ulceration who are
exposed to HIV (Kreiss et al. 1988). It has recently
been demonstrated that HHV-6 alone can target
and kill natural killer cells (Lusso et al. 1993). In-
fection with HHV-6 can cause expression of CD4
antigen on natural killer cells, thus predisposing
the cell to HIV infection. Holmberg et al. (1988)
mentions in vitro studies suggesting that some her-
pes viruses may act as cofactors in HIV disease by
reactivating latent HIV. Webster et al. (1989) re-
ported that CMV- and HIV-positive patients were
more than twice as likely to progress to HIV dis-
ease as CMV-negative HIV-positive patients. Al-
though an association between herpes viruses and
the development of AIDS was not supported by
data reported by Holmberg et al. (1988) or Barnass
et al. (1989), the consequences of nontreatment of
herpesvirus infections may be more serious than
previously suspected.

The effects of aciclovir on laboratory parame-
ters indicating HIV infection are equivocal. Intra-
venous aciclovir (50 mg/kg up to 3.5g) was given
as a once-weekly infusion (plus 1g oral probene-
cid) in 24 mildly symptomatic HIV-positive pa-
tients for 4 months in a double-blind randomised

trial (Chavanet et al. 1990b). The mean changes in
CD4+ cell counts (+68 vs —105 cells/pl with pla-
cebo; nonsignificant) and B2-microglobulin levels
(-0.27 vs +0.63 mg/L with placebo; p < 0.025) sug-
gested a delay in disease progression. However,
several nonblinded comparative studies in HIV-
positive patients who were asymptomatic or had
AIDS-related complex (ARC) found the addition
of high-dose oral aciclovir to zidovudine therapy
was associated with no significant difference in
laboratory parameters including p24 antigen levels
or CD4+ cell counts (Brockmeyer et al. 1989; Col-
lier et al. 1990; Weber et al. 1991). These results
were substantiated by Pedersen et al. (1992) in a
double-blind randomised trial in 197 patients with
AIDS or ARC, in which oral aciclovir (800mg ev-
ery 6 hours) had no additional effect on p24 antigen
levels to that provided by zidovudine.

Recent evidence, however, suggests a potential
benefit of combined therapy on survival, and inci-
dence of associated infections, in patients with
AIDS or ARC (table X). Cooper et al. (1991) re-
ported a significant difference in time to develop-
ment of AIDS-defining opportunistic infections in
patients with ARC who received 6 months’ treat-
ment with aciclovir plus zidovudine compared
with those receiving placebo alone. There was no
significant difference between the group receiving
zidovudine monotherapy and that receiving pla-
cebo in this parameter. The patient groups were
stated to be comparable. Although the placebo
group had slightly higher (not significant) CD4+
counts than the other groups, the authors consid-
ered that this did not affect the outcome. No effect
on survival was seen during the 6 months of this
trial.

The 134 patients receiving active treatment in
the trial by Cooper et al. (1991) were included in
an extended study by the same group (Cooper et al.
1993) along with 131 patients with AIDS. Oppor-
tunistic infections occurred in fewer patients re-
ceiving combination versus monotherapy (not sig-
nificant). The incidence of herpesvirus infections
was decreased in patients receiving aciclovir/
zidovudine therapy versus those receiving zidovu-
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Table X. Summary of multicentre randomised trials of oral aciclovir (A) plus oral zidovudine (Z) versus zidovudine alone in patients with

AIDS or ARC

Reference ARC/AIDS

No. of patients Dosage (duration

Incidence of Incidence of Survival (% alive

in weeks) opportunistic herpes virus at end of therapy)
infections (%) infection (%)
Cooper etal. (1991)2  ARC A+Z 67 A 800mg g6h A+Z 7 A+Z 7 A+Z 99
zZ 67 Z 250-500mg q6h Z 9 Z 18 Z 96
P 65 (24) P 18 P 22 P 94
Cooper et al. (1993)2 ARC A+Z 67 A 800mg g6h A+Z 13 A+Z 13 A+Z 97*
Z 67 Z 250-500mg g6h Z 15 zZ 21 Z 88
AIDS A+Z 62 8P A+Z 45 A+Z 10 A+Z 79*
Z 69 Z 52 Z 28 Z 59
Lobato-Mendizdbal & ARC/AIDS  A+Z 15 A 200mg tid A+Z 33 A+Z 93"
Ruiz-Arglelles (1992)¢ zZ 1 Z 100mg tid Z 36 Z 55
(156)

*

a Double-blind trial.
b Continuation of Cooper et al. (1991) study.
¢ Nonblinded trial.

p < 0.05 versus zidovudine monotherapy except in Cooper et al. (1991) study where p < 0.05 versus placebo.

Abbreviations: AIDS = acquired immunodeficiency syndrome; ARC = AIDS-related complex; P = placebo; géh = every 6 hours; tid = 3 times

daily.

dine alone and mortality was significantly lower in
the combination therapy group over the year of
treatment (fig. 3).

These results were similar to those achieved by
Lobato-Mendizdbal and Ruiz-Arguelles (1992),
who reported significantly lower mortality in the
group receiving aciclovir/zidovudine for up to 3
years than in those receiving zidovudine mono-
therapy (table X). In patients with initial CD4+
counts > 200/pl, the response to the antiviral com-
bination was also superior in terms of improve-
ments in Karnofsky score, bodyweight and CD4+
cell counts, and the incidence of infection, cancer
and anaemia secondary to treatment.

The effects of aciclovir on survival in HIV-pos-
itive patients were again positive in a randomised
double-blind study in patients with advanced HIV
infection (Youle et al. 1993). Twenty-seven of 153
patients receiving oral aciclovir (800mg 4 times
daily for 48 weeks) died during the 1-year follow-
up, compared with 43 of 149 placebo recipients
(probability of death 0.23 vs 0.39; p = 0.018). The
survival benefit was apparent in patients receiving

concomitant zidovudine for = 60 days during the
study (probability of death 0.12 vs 0.29; p =0.029).

4.2 Viral Infection Prophylaxis

4.2.1 Patients with Haematological Disorders

Several well-designed placebo-controlled stud-
ies, in patients considered at increased risk of her-
pesvirus disease (including those with bone mar-
row failure as a result of underlying leukaemias,
lymphomas or primary anaemias, and/or with im-
munosuppression as a result of intensive radiother-
apy or cytotoxic chemotherapy), have demon-
strated virtually complete suppression of latent
clinical HSV and VZV infections during intrave-
nous or oral aciclovir prophylaxis. In addition, up
to 50% of the HSV infections which did recur man-
ifested as asymptomatic viral shedding (see review
by O’Brien & Campoli-Richards 1989).

Protection was confined to the period of drug
administration in most patients. Long term (6-
month) aciclovir prophylaxis in patients undergo-
ing bone marrow transplant suppressed varicella
zoster infection completely, but localised VZV in-
fection developed in about 20 to 30% of patients



Aciclovir: A Reappraisal

185

on drug withdrawal (Ljungman et al. 1986; Perren
et al. 1988; Sempere et al. 1992). These results
were substantiated in a double-blind study of 52
patients with a pre-bone marrow transplant history
of varicella given oral aciclovir (800mg twice
daily) or placebo for a year after transplantation
(Bowden et al. 1989). Six patients administered
placebo and none administered aciclovir devel-
oped VZV infection during the year of treatment (p
= 0.02). However, 2 aciclovir-treated patients de-
veloped VZV infections within 2 months of drug
withdrawal.

However, extension of the period of prophy-
laxis may offer protection against HSV infections
until relative immunocompetence is achieved in
patients completing chemo- or radiotherapy.
Ljungman et al. (1986) reported a significantly de-
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Fig. 3. Comparative mortality associated with oral aciclovir (800mg
every 6 hours) plus zidovudine (250mg every 6 hours) versus
zidovudine monotherapy in 131 patients with acquired immunodefi-
ciency syndrome (AIDS) and 134 patients with AIDS-related com-
plex (ARC) receiving therapy for 1 year (from Cooper et al. 1993).
* p < 0.05 between treatment groups.

creased incidence of HSV episodes in the follow-
up period after aciclovir treatment compared with
placebo. In one recent placebo-controlled trial in-
volving 82 patients undergoing bone marrow
transplant (Selby et al. 1989), treatment with intra-
venous aciclovir for 23 days followed by oral
aciclovir to a total of 6 months profoundly reduced
the number of HSV and VZV infections, and the
reduction in HSV infections remained statistically
significantly different between the groups through-
out the 1-year follow-up. However, contrasting re-
sults were presented in another study employing
extended aciclovir prophylaxis: the incidence of
HSYV reactivation after aciclovir prophylaxis was
greater than that seen in placebo recipients (Shepp
et al. 1987).

Aciclovir is ineffective in treating established
CMV disease, and appears to have reduced activity
in preventing reactivation of CMV infection in im-
munocompromised patients compared with its ef-
fect on HSV and VZV. Nonetheless, a randomised
placebo-controlled trial of 39 bone marrow trans-
plant recipients (Gluckman et al. 1983) demon-
strated significantly decreased viral shedding dur-
ing oral aciclovir prophylaxis (800 mg/day for 4
weeks) and fewer CMV infections in the follow-up
period after treatment. The incidences of CMV in-
fection, CMYV viraemia and HSV disease were re-
duced during the double-blind evaluation of intra-
venous (1500 mg/m?/day for 1 month) followed by
oral (3200 mg/day for 8 months) aciclovir in 105
patients undergoing bone marrow transplant, com-
pared with 103 patients who received oral aciclovir
(1600 mg/m?/day for 1 month) and then placebo
for 8 months (Ljungman et al. 1993). Mortality
from all causes was also lower in the group receiv-
ing intravenous plus oral aciclovir prophylaxis
(25%) than in patients receiving oral aciclovir plus
placebo (41%). Similarly, a nonrandomised study
found that intravenous aciclovir prophylaxis (500
mg/m? every 8 hours for 6 weeks from 5 days be-
fore allogeneic bone marrow transplantation) re-
duced the incidence of invasive CMV disease
(pneumonia and gastrointestinal infection; 22 vs
38%; p = 0.008) and mortality (29 vs 59%; p <
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Fig. 4. Outcome for 73 renal allograft recipients after receiving
aciclovir 800 to 3200 mg/day for 12 weeks as prophylaxis for
cytomegalovirus (CMV) disease, according to initial CMV se-
rological status of recipient and donor. In 16 seronegative pa-
tients (8 aciclovir, 8 placebo) who received seronegative donor
organs no disease developed (from Balfour et al. 1989). Sym-
bols: e = aciclovir recipients; o = placebo recipients; * p = 0.005
vs placebo.

0.01) in 86 patients seropositive for CMV com-
pared with 65 untreated seropositive controls
(Meyers et al. 1988). Further, 10 patients with
AIDS and CMV retinitis stabilised by ganciclovir
induction experienced a median delay in progres-
sion of retinitis of 32 days, and the prevention of
progression of retinitis to all previously unin-
volved eyes, in a recent investigation of intrave-
nous aciclovir (10 mg/kg every 8 hours for 14 days)
plus oral zidovudine (Sha et al. 1991).

However, in most well designed trials reviewed
in O’Brien and Campoli-Richards (1989), CMV
infections of varying severity occurred in several
patients receiving prophylactic aciclovir. Simi-
larly, intravenous (5 mg/kg [250 mg/m? in chil-
dren] every 8 hours for 23 days) followed by oral
(800mg [400mg in children] every 6 hours for 6
months) prophylaxis starting the day before bone
marrow transplantation in 42 patients caused no
reduction in the incidence of CMV infection during
treatment compared with that in 40 placebo recip-
ients (Selby et al. 1989).

The incidence of herpesvirus infections was
lower in patients with AIDS or ARC receiving oral
aciclovir 3200 mg/day plus zidovudine for up to 48
weeks than in those receiving zidovudine alone,
but a statistically significant difference was not re-
corded (table X). Herpes zoster occurred in 1 of
129 receiving the combination versus 12 of 136
zidovudine recipients, oral hairy leucoplakia oc-
curred in 14 versus 23 patients, and CMYV infec-
tions (retinitis or encephalitis) occurred in 5 versus
8 patients (Cooper et al. 1993).

4.2.2 Solid Organ Transplant Recipients

Renal Transplant Recipients

Treatment with low-dose oral aciclovir (600 to
800 mg/day for 4 to 6 weeks from the time of trans-
plantation) has been shown to offer protection from
HSV and VZV infection in renal transplant recipi-
ents in several comparative studies (see review by
O’Brien & Campoli-Richards 1989). Clinical
symptoms were completely suppressed but viro-
logical breakthrough did occur. During follow-up,
significantly fewer patients who had received pla-



Aciclovir: A Reappraisal

187

cebo during the active treatment phase remained
free of an infectious episode. These results were
substantiated in a nonrandomised nonblinded
study of low-dose oral aciclovir (400 to 600
mg/day) in renal allograft recipients during
muromonab-CD3 (OKT3) administration (9 to 10
days) for treatment of acute rejection (Tang et al.
1989). Significantly fewer aciclovir recipients de-
veloped HSV infection during treatment plus the
60-day follow-up period than did untreated con-
trols.

High dose oral aciclovir (800mg 4 times daily
for 12 weeks) prophylaxis completely suppressed
HSV shedding in 23 of 25 renal allograft recipients
compared with 11 of 25 patients receiving placebo
in a double-blind randomised trial (Schlech et al.
1993). Clinically evident HSV disease developed
in 3 placebo recipients and 1 noncompliant
aciclovir recipient. VZV, EBV and CMV infection
had previously occurred in 8, 46 and 25 of the 50
enrolled patients, but no recurrences were seen in
either group during the trial. Grafts tended to sur-
vive longer in aciclovir recipients (mean 215
weeks) than in the placebo group (150 weeks), and
the difference became statistically significant
when the 42 patients seropositive for HSV before
the trial were analysed separately (237 vs 153
weeks, p = 0.03).

CMYV is reported to be the main cause of infec-
tion after solid organ transplant (Balfour 1991;
Stratta et al. 1992). Among renal allograft recipi-
ents not receiving CMV prophylaxis, 51 to 61%
will become infected with CMV, and 20 to 29%
will develop clinically apparent disease (Balfour et
al. 1991). Several studies have addressed the effi-
cacy of high-dose aciclovir in preventing infec-
tions caused by this organism. Balfour et al. (1989)
performed a placebo-controlled double-blind trial
of high-dose oral aciclovir (800 to 3200 mg/day for
12 weeks) in 104 patients receiving cadaveric renal
allograft transplants. The rates of CMV infection
and clinically evident disease were reduced with
aciclovir prophylaxis from 61 to 36% and 29 to
8%, respectively, during 1 year of observation.
Aciclovir prophylaxis appeared most effective in

seronegative patients receiving a graft from sero-
positive donors (p = 0.005; fig. 4). The emergence
of CMV disease in aciclovir-treated seropositive
recipients of transplants from seropositive or sero-
negative donors was also decreased, but this differ-
ence was not significant (fig. 4).

These results were supported by a noncompara-
tive trial of high-dose oral aciclovir (800 to 3200
mg/day for 12 weeks) in 14 CMV-seronegative re-
cipients of renal allografts from seropositive do-
nors, of whom only one patient, who admitted non-
compliance with aciclovir, developed CMV
infection (Vasquez et al. 1993). Wong et al. (1991)
reported a CMYV disease rate of 38% in 21 seropos-
itive patients treated with high-dose oral aciclovir
in a nonblind study. However, CMV infection and
disease occurred significantly less often in 32
CMV-seropositive patients treated with oral
aciclovir (800 to 3200 mg/day depending on serum
creatinine clearance) for 3 months from renal trans-
plant than in 32 historical controls in a study by
Legendre et al. (1993). The difference was not sig-
nificant for the 10 seronegative patients in this
study when compared with 20 similar controls.

Prophylaxis of CMV infections in renal trans-
plant patients has also been investigated using
low-dose oral aciclovir (200 to 1000 mg/day).
However, investigations are limited to 2 non-
comparative trials in seronegative recipients of
grafts from seropositive donors which reported
conflicting results. Among 56 patients treated with
aciclovir 600 mg/day for 6 months, the CMV dis-
ease rate was 3.6% (MacDonald et al. 1991), while
Barton and Nicholson (1991) reported a disease
rate of 41.6% and an infection rate of 83% among
12 patients treated with a single perioperative dose
of intravenous pooled immunoglobulin plus oral
aciclovir 200 to 1000 mg/day (depending on renal
function) for 6 weeks.

Liver Transplant Recipients

In a nonblinded randomised comparative study,
50 patients undergoing liver transplantation re-
ceived prophylactic oral aciclovir (600 to 2000
mg/day depending on bodyweight and renal func-
tion) for 12 weeks, plus intravenous immunoglob-
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ulin and muromonab CD3 (OKT?3) therapy, while
50 patients received muromonab CD3 alone
(Stratta et al. 1992). The percentage of patients ex-
periencing any viral infection was less in the com-
bination therapy group (66 vs 44%; p < 0.05), as
were the incidences of CMV infection (42 vs 36%;
p > 0.05), HSV infections (32 vs 12%; p < 0.05),
and EBV infections (10 vs 0%; p < 0.05).

Reduced infection rates were also seen in an-
other nonblinded randomised trial of intravenous
aciclovir (500 mg/m? every 8 hours) for 10 days,
followed by oral aciclovir (3200 mg/day adjusted
for renal function) for a total of 12 weeks in 60
CMV-seropositive liver transplant recipients
(Saliba et al. 1993). There was a significantly lower
incidence of CMV infection (18.3 vs 38.3%, p =
0.01), disease (6.6 vs 23.3%, p = 0.01) and intersti-
tial pneumonia (5 vs 16.6%, p = 0.04) in the
aciclovir recipients than in 60 untreated control pa-
tients.

These results are substantiated in 2 nonblinded
nonrandomised comparative trials investigating
the effects of prophylaxis with oral aciclovir (2000
to 3200 mg/day, adjusted for renal function, for 12
weeks) in patients undergoing liver transplantation
(Mollison et al. 1991; Stratta et al. 1991). Mollison
et al. (1991) reported a decrease in the rate of in-
fection from 100% in 12 untreated controls to
30.8% in 13 patients receiving prophylaxis (p =
0.0014); CMV disease involving body organs oc-
curred in 3 versus 1 patient(s). In the second trial,
the rate of development of primary CMV disease
was reduced from 71.4% in 21 untreated controls
to 23.8% in 21 patients receiving prophylaxis with
aciclovir plus intravenous immunoglobulin (p <
0.01; Stratta et al. 1991).

The efficacy of intravenous aciclovir (5
mg/kg/day) plus intravenous gamma globulin (200
mg/kg twice weekly; n = 52) was compared with
that of intravenous ganciclovir (5 mg/kg/day) plus
gamma globulin (n = 52) as prophylaxis during
hospitalisation in patients receiving hepatic trans-
plants (Nakazato et al. 1993). All patients received
oral aciclovir (5 mg/kg/day) as outpatients (dura-
tion of therapy not given). There were no signifi-

cant differences in patient or graft survival between
the groups at 3 months (aciclovir 86 and 83% vs
ganciclovir 88 and 86%) and 6 months (86 and
83% vs 86 and 85%). CMYV disease occurred in 8
aciclovir recipients and 2 ganciclovir recipients (p
< 0.05).

Heart or Lung Transplant Recipients

Some success in preventing CMV infection has
been achieved with the combination of aciclovir
plus CMV-specific immunoglobulin for 12 weeks
in a noncomparative trial involving 10 children
(500 mg/mzlday; route of administration not re-
ported) [Zandotti et al. 1992] and in 12 CMV-sero-
positive patients (2400 mg/day orally) in a non-
blinded sequential trial (Maurer et al. 1993) after
lung transplantation. Of the 4 CMV-seronegative
children who received seropositive donor lungs, 2
developed CMV infection, 1 without clinical
symptoms (Zandotti et al. 1992). CMV pneumon-
itis developed in 8 of the 12 patients receiving
high-dose oral aciclovir versus 5 of 28 receiving
immunoglobulin alone, and 7 of 22 receiving im-
munoglobulin plus intravenous ganciclovir pro-
phylaxis (Maurer et al. 1993).

There is similar evidence of some efficacy for
this combination in patients with heart transplants.
Of 23 patients receiving oral aciclovir (1600
mg/day for 6 weeks) plus CMV-specific immuno-
globulin in a noncomparative trial, all 5 CMV-se-
ronegative recipients of seropositive donor hearts
developed CMV infection, but not clinical disease
(Eisenmann et al. 1990). CMV infection was reac-
tivated in five of 13 seropositive recipients of se-
ropositive donor hearts but only 2 of these devel-
oped manifest disease. Similarly, Jazzar et al.
(1992) mention a complete lack of symptomatic
CMYV disease in a series of 53 heart transplant pa-
tients receiving prophylactic aciclovir 3200
mg/day for 12 weeks, irrespective of CMV serol-
ogy, in a retrospective study.

The possible benefits of aciclovir as prophy-
laxis against HSV infection in heart or lung trans-
plant recipients is less well-examined. In a retro-
spective study of 82 patients (Carrier et al. 1992),
significant reductions in the percentage of patients
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developing HSV infection after heart transplant
and in the duration of hospital stay, and significant
increases in the percentage of patients free of HSV
infection 1, 6 and 12 months after the operation,
were associated with oral aciclovir 600 mg/day
treatment for a mean of 22 days versus untreated
controls.

5. Tolerability
5.1 General Effects

As discussed in previous reviews in the Journal
(Richards et al. 1983; O’Brien & Campoli-Rich-
ards 1989), aciclovir therapy by ocular, topical,
oral or intravenous routes is generally very well
tolerated. Ocular administration of the ophthalmic
ointment is rarely associated with adverse events,
and although local burning or stinging may occur
after topical application of the cream, only a small
proportion of patients have reported mild erythema
or drying. Allergic contact dermatitis has been doc-
umented occasionally in patients using topical
aciclovir cream (Baes & van Hecke 1990; Goday
et al. 1991; Goh 1990; Gola et al. 1989; Valsecchi
et al. 1990) but recent noncomparative studies of
the ointment in healthy volunteers confirm the gen-
eral low level of adverse effects with this prepara-
tion (Niimura et al. 1990a, b).

Oral aciclovir has been associated with nausea,
vomiting, diarrhoea, stomach pain, rash and head-
ache in fewer than 5% of patients, with similar in-
cidences reported for placebo (Mertz et al. 1988b).
Exogenous lactase has been successfully used to
prevent gastrointestinal intolerance believed to be
related to the lactose base in aciclovir tablets rather
than to the active compound (Manka 1989). A
postmarketing surveillance report has suggested
that users (n = 1165) of oral aciclovir are no more
likely to be hospitalised or develop illnesses (with
the possible exception of carpal tunnel syndrome)
than nonusers (Johnson et al. 1991).

Reports of acute reversible renal failure (Eck et
al. 1991; Hernandez et al. 1991) and of neurotox-
icity (Davenport et al. 1992; Eck et al. 1991; Ferré
et al. 1992; MacDiarmaid-Gordon et al. 1992;
Swan & Bennett 1989) occurring in patients re-

ceiving oral therapy are rare, but emphasise the
necessity for evaluation of renal function and state
of hydration, especially in elderly patients, before
initiating aciclovir therapy. A double-blind pla-
cebo-controlled study of oral aciclovir in patients
with recurrent genital herpes found no significant
clastogenic effect in peripheral lymphocytes, de-
spite previous reports of such effects at very high
doses in vitro and in animal models (Clive et al.
1991).

Inflammation and phlebitis at the injection site
are the most frequently reported reactions with in-
travenous aciclovir. Reports continue to appear of
neurological and/or psychiatric effects (lethargy,
tremors, confusion, hallucinations, seizures) [Dav-
enport et al. 1992; Fischer et al. 1990; Haefeli et
al. 1993; Krieble et al. 1993] and of renal precipi-
tation of the drug resulting in reversible renal in-
sufficiency (Bennasr et al. 1992; Bianchetti et al.
1991; Bomers & Gedebjerg 1991; Firat et al. 1992;
Fischer et al. 1990; Gill & Burgess 1990; Haefeli
etal. 1993; Krieble et al. 1993; Rashed et al. 1990).
Both these effects have usually been reported in
patients with high peak plasma aciclovir concen-
trations.

The administration of oral aciclovir (3200
mg/day for 3 months) to renal transplant recipients
in a retrospective study did not affect trough serum
cyclosporin concentrations or cause changes in se-
rum creatinine concentrations (Dugandzic et al.
1991). However, a decline in renal function was
demonstrated in all dogs administered intravenous
aciclovir, with short high-dose regimens more det-
rimental than longer treatment periods at lower
doses (Kimes et al. 1989), and short term
coadministration of aciclovir plus cisplatin in rats
caused a slight (nonsignificant) increase in neph-
rotoxicity over that caused by cisplatin alone
(Hannemann et al. 1992). The use of slow aciclovir
infusion rates, adequate hydration and, in patients
with renal dysfunction, lower aciclovir doses are
recommended to minimise renal complications.

Aciclovir does not significantly alter the phar-
macokinetics of zidovudine and the tolerability of
the combination appears to be similar to that of
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zidovudine alone (Hollander et al. 1989; Tar-
taglione et al. 1991).

Inadvertent intravenous aciclovir overdose in 2
neonates (100 mg/kg for 3 doses in a 5-day-old
infant and 65 mg/kg for 1 dose in a 13-day-old
infant) caused no toxicity (McDonald et al. 1989).
One infant was treated with an exchange transfu-
sion and the other with oral activated charcoal.
However, a retrospective review of 94 children
(mean age 5.9 years) receiving intravenous
aciclovir (41 to 1191 mg/m? for 7 to 9 days) dem-
onstrated an overall rate of toxicity associated with
treatment of 30.2% (Kowalczyk et al. 1991). Tran-
sient renal toxicity unrelated to aciclovir dosage
developed in 13.3% of 75 patients with evaluable
renal function, hepatotoxicity developed in 10.2%
of 59 patients and neurotoxicity developed in
2.1%. Many of these children had restricted fluid
intake. Bianchetti et al. (1991) reported a similar
rate of paediatric renal insufficiency (15.8% of 19
children) as a consequence of intravenous aciclovir
therapy in children with restricted fluid intake.

After 6 years of monitoring the use of aciclovir
in pregnant women, the Aciclovir in Pregnancy
Registry has prospectively followed 312 pregnan-
cies (Andrews et al. 1992). Healthy infants were
born to 67% of 239 women exposed during the first
trimester, 100% of 31 exposed during the second
trimester and 98% of 42 exposed during the third
trimester. No increase has been seen in the number
of birth defects among aciclovir recipients com-
pared with the general population, and there ap-
pears to be no consistent pattern of abnormalities.
However, because the sample size is small, the Ad-
visory Committee recommend the use of systemic
aciclovir only in life-threatening infections.

" 5.2 Effects on Immune Function

The effects of nucleoside antiviral drugs on host
immune response to the infecting virus have not
been well defined. Since recovery from viral dis-
ease is linked to immune function, any potential
toxicity to this function is of importance. The role
of cellular immunity in the prevention of HSV re-
currence is exemplified by the increased incidence

and virulence of herpesvirus infections in im-
munocompromised patients. Cell-mediated immu-
nity, as assayed in vitro using several methods, ap-
pears to be minimally affected by aciclovir
(reviewed in Richards et al. 1983; see also Heagy
etal. 1991), but Stahlmann et al. (1992) have dem-
onstrated impaired function of the immune system
in rats after prenatal exposure to aciclovir, with
decreased resistance to Trichinella spiralis infec-
tion. Therapeutic concentrations of aciclovir ap-
pear to have only minor effects on macrophage
functions in vitro (Stenseth et al. 1993). Phagocy-
tosis and production of interferon and tumour ne-
crosis factor were slightly increased, and produc-
tion of lysozyme reduced.

Clinically, aciclovir appears to interfere with
the development of an immune response to herpes-
virus antigens, but this could reflect reduced anti-
gen exposure resulting from drug-associated viral
inhibition rather than a direct immunosuppressant
effect. Thus, antibody titres to certain HSV pro-
teins were depressed by intravenous and oral
aciclovir treatment (Ashley & Corey 1984; Ashley
et al. 1982; Bernstein et al. 1984). Similarly, early
relapses, all associated with lack of detectable an-
tibodies to VZV, occurred in 8 of 98 im-
munocompromised children who had received in-
travenous aciclovir 1500 mg/m?day for 5 days,
extended to 7 to 10 days with oral aciclovir 2000
to 4000 mg/day if clinically required, as treatment
for varicella or herpes zoster in a retrospective
study (Mészner et al. 1990). In a further 7 patients,
oral aciclovir treatment was extended until the pro-
duction of antibodies, and no early relapse oc-
curred.

In contrast, oral aciclovir treatment of children
with primary herpetic gingivostomatitis did not
significantly affect the production of antibodies
(Cizman et al. 1991). Further, oral aciclovir for 5
to 7 days for VZV infections in children did not
influence the immune response to VZV antigen for
1 to 3 years post treatment (Englund et al. 1990a;
Rotbart et al. 1993).

Significant reductions (versus placebo) in lym-
phocyte proliferation response to HSV and VZV
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antigens have been noted in aciclovir recipients in
some trials of aciclovir prophylaxis (Ljungman et
al. 1986; Wade et al. 1984). Seroconversion to
VZV was seen in only 21 of 25 (84%) previously
unexposed immunocompetent children receiving
oral aciclovir 40 or 80 mg/kg/day for 7 days begin-
ning 7 to 9 days after first exposure to the index
case of varicella in the family (Asano et al. 1993).
The authors suggested that either the remaining 4
children were not infected despite familial contact,
or that aciclovir may have completely inhibited the
virus in these children, increasing susceptibility to
reinfection later, perhaps with more serious conse-
quences.

Recurrent herpesvirus lesions develop in hu-
mans despite immunity and often without a detect-
able rise in circulating neutralising antibodies
(Douglas & Couch 1970). Ragab et al. (1989) ob-
served a direct relationship between the extent of
the immune response to the initial genital HSV in-
fection and the subsequent frequency of recrudes-
cent symptoms. Oral aciclovir treatment (200mg 5
times daily for 10 days) reduced the antibody titres
compared with untreated controls and significantly
decreased the number of recurrences. However,
this has not been corroborated by other well con-
trolled studies.

Although prophylactic treatment with aciclovir
has been shown to prevent outbreaks of genital
HSV infection in those suffering frequent recur-
rences (section 3.1.1), herpesvirus infections of in-
creased severity have recurred immediately after
withdrawal of aciclovir treatment in some trials
(Ashley & Corey 1984; Wade et al. 1982a). Mean
levels of antibodies have been reported to fall sig-
nificantly during long term aciclovir therapy in pa-
tients with frequently occurring genital HSV infec-
tion (Gold et al. 1988; Molin et al. 1991). However,
the cell-mediated immune response (assessed by in
vitro lymphocyte proliferation to HSV antigens),
decreased in patients with frequently versus infre-
quently recurring genital HSV infections, was re-
ported to be increased in patients treated with daily
suppressive oral aciclovir by Frenkel et al. (1989),

falling to prestudy levels on withdrawal of the
drug.

6. Dosage and Administration

The recommended dosages of various aciclovir
formulations for use as treatment and prophylaxis
of a variety of viral infections are presented in table
XI. Therapy should be initiated as early as possible
following onset of signs and symptoms. For recur-
rent episodes of mucocutaneous HSV infection,
treatment should preferably commence during the
prodromal period or when lesions first appear.

Rapid or bolus intravenous injection of paren-
teral aciclovir should be avoided, as should intra-
muscular or subcutaneous administration. Intrave-
nous aciclovir should be administered by slow
infusion over 1 hour, with sufficient hydration to
provide adequate urine flow to prevent aciclovir
precipitation in renal tubules. This formulation
may be administered via a controlled-rate infusion
pump or otherwise should be diluted to less than 5
mg/ml for infusion, since higher concentrations
may produce phlebitis or inflammation at the in-
jection site upon inadvertent extravasation. Ad-
ministration by infusion is also recommended to
avoid rapid increases in blood urea and creatinine
levels occasionally seen with bolus injection. Con-
tinuous infusion of high dose (1.2 to 6.2
mg/kg/hour) aciclovir for up to 6 weeks has been
used in immunocompromised patients with HSV
infections resistant to usual doses of aciclovir be-
cause of altered thymidine kinase activity (Engel
et al. 1990; Fletcher et al. 1989), but alternative
drugs may also be effective in this situation.

Although the recommended dosage of intrave-
nous aciclovir for prophylaxis of HSV infections
in immunocompromised patients is 5 mg/kg every
8 hours (table XI), the minimal effective dose may
be lower than this. Peitier and Weisdorf (1991) re-
ported effective prophylaxis with 5 mg/kg every 12
hours in a retrospective study of 42 bone marrow
transplant patients (none with HSV disease during
therapy) and 32 historical controls receiving
aciclovir every 8 hours (3% with HSV disease).
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Recommended dosages are available for the
treatment and/or prophylaxis of HSV, VZV and
CMV infections. Clinical trials of aciclovir treat-
ment of EBV infections have used intravenous and
oral doses similar to those used in VZV infections.
Oral dosages of 600 to 1600 mg/day, 600 to 2000
mg/day and 600 to 3200 mg/day have been used as

prophylaxis against VZV, EBV and CMV in im-
munocompromised patients in clinical trials to
date. A nonblinded comparative trial of two 400mg
tablets versus one 800mg tablet given 5 times daily
for 7 days to patients with VZV infections found
no difference in outcome between the 2 formula-
tions (Palmieri et al. 1993). The few clinical trials

Table XI. Recommended dosages of aciclovir in patients with normal renal function (data on file, Wellcome Foundation Ltd)

Formulation Indication Patient group Dose Dosage Treatment duration
interval

Ophthalmic HSV keratitis Adults and children 10mm inside lower 5xd > 3 days after healing

ointment (3%) conjunctival sac

Topical cream Treatment of HSV Adults and children As required 5xd 5-10 days

(5%) infections of the skin

Oral tablets, Treatment of Adults and children (>2y) 200mg (400mgb) 5xd > 5 days

capsules and mucocutaneous HSV Children (<2y) 100mg 5xd > 5 days

suspension2  infections
Suppression of recurrent  Adults 200mg 2-4xd As appropriated
HSV infections® 400mg 2xd As appropriated
Prophylaxis of HSV Adults and children (>2y) 200mg (400mgb) 4axd As appropriate
infectionse Children (s2y) 100mg 4xd As appropriate
Treatment of varicella Adults 800mg 5xd 7 days
(chickenpox) Children 20 mg/kg (<800mg) 4xd 5 days
Treatment of herpes Adults 800mg 5xd 7 days
zoster (shingles)
Management of severely  Adults and children (>2y) 800mg 4xd > 6 months
immunocompromised
patientsf

Intravenous Treatment of HSV Adults 5 (10M) mg/kg q8h > 5 days

solution for in-  infections Children (3mo-12y) 250 (500h) mg/m?2 q8h > 5 days

fusiongd Neonates 10 mg/kg q8h > 10 days
Prophylaxis of HSV Adults 5 mg/kg q8h As appropriate
infectionse
Treatment of VZV Adults 5 (10¢) mg/kg q8h > 5 days
infections Children (3mo-12y) 250 (500°) mg/m? q8h > 5 days
Prophylaxis of CMV Adults and children (>2y) 500 mg/m?2 qs8h 5 days before
infections’ transplant to a month

after

a Available as 200mg, 400mg and 800mg tablets, 200mg capsules and a suspension containing 200 or 400 mg/5ml.

b In severely immunocompromised patients or those with impaired absorption from the gut.

¢ In immunocompetent patients.

d Therapy should be interrupted every 6 to 12 months for observation of the natural history of the disease.

e In immunocompromised patients.

f Patients with advanced HIV disease or bone marrow transplant recipients.

g Available as 125mg, 250mg and 500mg vials.

h In patients with herpes encephalitis.

i

In bone marrow transplant recipients.

Abbreviations: CMV = cytomegalovirus; HIV = human immunodeficiency virus; HSV = herpes simplex virus; mo = months; q8h = every 8
hours; VZV = varicella zoster virus; xd = times daily; y = years.
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that have been performed using oral aciclovir in
patients positive for HIV have employed dosages
of 600 to 3200 mg/day in combination with
zidovudine.

Dosage recommendations for an eyedrops for-
mulation are not currently available, although 2
drops of a 3% solution have been administered 5
times daily (duration not given) in a clinical trial
(Cabezas 1991).

Aciclovir dosage should be reduced in patients
with renal dysfunction. Recommendations for
adult patients are detailed in table XII, but elderly
patients and children with renal impairment also
require appropriate dosage adjustments.

Washing of hands before and after application
of topical aciclovir is recommended to prevent au-
toinoculation of other body sites and transmission
of infection to other persons.

7. Place of Aciclovir in Therapy

Over the past decade, a secure position has been
established for aciclovir in the treatment of infec-
tions caused by herpes viruses responsible for a
wide range of potentially serious diseases. Treat-
ment of patients with herpesvirus infections has
become increasingly important as the im-
munocompromised population grows with the
rapid and global spread of AIDS, and the more fre-
quent use of bone marrow and organ transplanta-
tion procedures.

Aciclovir is generally well tolerated. Topical
formulations are associated with low levels of irri-
tancy, and most adverse events associated with the
oral formulation occur with similar frequencies in
placebo recipients. Nephrotoxicity and neurotox-
icity are rarely reported with oral aciclovir therapy,
but can occur more frequently with intravenous ad-
ministration, especially with high plasma aciclovir
concentrations and in patients with renal dysfunc-
tion. Slow aciclovir infusion rates, adequate hydra-
tion and lower aciclovir dosages in patients with
renal impairment are recommended to minimise
renal complications.

The recommended indications for aciclovir in-
clude:

Table XIl. Recommended dosages of intravenous and oral
aciclovir in adults with acute or chronic renal impairment (data on
file, Wellcome Foundation Ltd)

Creatinine clear-  Route Dose Dosage interval

ance in L/h
(ml/min)
1.5-3.0 (25-50) Oral NA NA
v NA 12-hourly
0.6-1.5 (10-25) Oral HSV NA HSV NA
VZV 800mg  VZV 8-hourly
IC 800mg IC 8-hourly
v NA 24-hourly
0-0.6 (0-10) Oral HSV 200mg  HSV 12-hourly
VZV 800mg VZV 12-hourly
IC 800mg IC 12-hourly
v 2.5-5mg/kgd  24-hourly® (and
after
haemodialysis)

a Half the recommended dose for patients with normal renal
function (see table XI).

b In patients receiving continuous ambulatory peritoneal dialy-
sis or haemodialysis.

Abbreviations: HSV = herpes simplex virus; IC = severely im-

munocompromised patients; IV = intravenous; NA = no adjustment

required; VZV = varicella zoster virus.

o treatment of HSV keratitis (ophthalmic oint-
ment)

e treatment of initial and recurrent HSV infec-
tions (cream, oral and intravenous formula-
tions)

o treatment of other HSV infections, including
those in the neonate (intravenous formulations)

e suppression of recurrent HSV infections in im-
munocompetent patients (oral formulations)

e prophylaxis of HSV infections in im-
munocompromised patients (oral and intrave-
nous formulations)

e treatment of VZV infection and complications
in immunocompetent and immunocom-
promised patients (oral and intravenous formu-
lations)

e prophylaxis of CMV infections in bone marrow
transplant recipients (intravenous and oral for-
mulations)

* management of severely immunocompromised
patients (oral formulations).
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7.1 Immunologically Competent Patients

Placebo-controlled investigations of oral or in-
travenous aciclovir initiated within 4 days of the
appearance of symptoms have demonstrated a sig-
nificant decrease in the duration of viral shedding
and general symptoms in immunocompetent pa-
tients with HSV infections, especially in primary
episodes. The rate of recurrence of infection after
treatment withdrawal is not affected. Topical
aciclovir has also significantly attenuated the pro-
gression of mucocutaneous HSV infections in
some trials, but less reliably than with systemic
administration, even when therapy was initiated
early. Intravenous aciclovir appears to be equally
as effective as intravenous vidarabine in neonates
with HSV infections, and has been established as
the treatment of choice for HSV encephalitis in
comparative trials with vidarabine. Aciclovir oph-
thalmic ointment is at least as effective as idoxurid-
ine, trifluridine and vidarabine ointments in treat-
ing herpetic ocular infections.

Administration of oral aciclovir for up to 2 years
has suppressed recurrence of HSV infections in >
70% of patients in most trials, with reversion to
pretreatment frequencies after discontinuation of
the drug. Comparisons of oral aciclovir with oral
inosine pranobex have demonstrated a clear advan-
tage for aciclovir in the suppression of recurrent
genital HSV infection.

Several well-designed studies have established
the efficacy of oral aciclovir in the treatment of
VZV infections in otherwise healthy individuals.
There is some controversy over the role of aciclovir
in treating varicella (chickenpox), since the disease
is usually self-limiting, and there is concern over
the possibility of decreased immunological protec-
tion against herpes zoster (Lassiter 1992) and the
possible development of resistant strains of VZV
(although this seems unlikely considering the short
duration of therapy in immunocompetent chil-
dren). Serious complications of the disease (such
as s'econdary bacterial infection, Reye’s syndrome,
acute cerebellar ataxia and meningoencephalitis,
and varicella pneumonia) occur only rarely and a
reduction in their development with oral aciclovir

treatment has not been unequivocally demon-
strated. However, the Committee on Infectious
Diseases (Hall et al. 1993) recommend consider-
ation of its use, within the first 24 hours of onset
of rash, for those at increased risk of severe vari-
cella or its complications. This group includes oth-
erwise healthy nonpregnant patients aged 13 or
more, and children older than 1 year with a chronic
cutaneous or pulmonary disorder, receiving long
term salicylate therapy or corticosteroids. The in-
clusion of siblings of index cases in this group at
increased risk has been suggested by some experts
but remains controversial.

Intravenous or oral aciclovir, begun within 72
hours of exanthem onset, attenuates the develop-
ment of rash and pain associated with herpes zoster
(shingles). The incidence and duration of post-her-
petic neuralgia was decreased after aciclovir treat-
ment in some trials. Topical idoxuridine and oral
brivudine offered some advantages over aciclovir
in isolated studies, but there were no differences
between these antivirals and aciclovir in time to
disappearance of vesicles and time to full crusting.
Ocular complications and pain are significantly re-
duced in patients with zoster ophthalmicus when
oral aciclovir is begun within 72 hours of skin
eruption. Complications of herpes zoster infec-
tions (such as encephalitis and zoster oticus) have
been successfully treated with intravenous
aciclovir, but comparative trials are few in these
patients.

The use of aciclovir in EBV and hepatitis B vi-
rus infections in immunocompetent patients has re-
sulted in equivocal success. Trends toward faster
improvement with aciclovir than with placebo
have been demonstrated in patients with infectious
mononucleosis, and addition of aciclovir to inter-
feron-a therapy appears to offer some advantages
in patients with chronic hepatitis B.

Combining interferon-a and aciclovir in vitro
has resulted in synergistic antiviral activity against
HSV, VZV and CMV, while interferon-p has
shown synergistic activity with aciclovir against
HSV. Clinical trials have shown some additional
benefit over aciclovir monotherapy with aciclovir
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plus interferon-a in the treatment of immunocom-
petent patients with ocular HSV infections, and
with aciclovir plus interferon-f in treating HSV
encephalitis (in one subset of patients).

7.2 Immunologically Compromised Patients

The use of intravenous and oral aciclovir is well
established in the treatment of immunocom-
promised patients with HSV infections. The period
of viral shedding and the time to healing are re-
duced and the resolution of pain is accelerated.
High doses may be necessary for severe infections
not responding to normal doses.

Aciclovir reduces the duration of viral shedding
and scabbing time, with accompanying reductions
in the progression of the disease, in im-
munocompromised patients with cutaneous dis-
semination of herpes zoster or children with vari-
cella. A limited number of comparative trials
suggest that intravenous aciclovir is at least as ef-
fective as oral brivudine or intravenous vidarabine.
High dose oral aciclovir was reported to be as ef-
fective as intravenous therapy in a nonblinded
randomised trial, but well-designed studies in se-
verely immunocompromised patients would be re-
quired to substantiate this finding.

Little clinical improvement is seen in im-
munocompromised patients with CMV or EBV in-
fections treated with aciclovir and reactivation oc-
curs frequently on withdrawal of the drug.
However, patients with infections unresponsive to
intermittent therapy with intravenous aciclovir
may respond to continuous aciclovir infusion.

Although earlier trials showed no additional ef-
fect on p24 antigen levels or CD4+ cell counts
when aciclovir was combined with zidovudine
therapy in patients with AIDS or ARC, recent stud-
ies suggest that the combination may result in im-
proved survival and decreased incidence of oppor-
tunistic infections compared with zidovudine
alone. However, patient numbers were limited in
these trials, the mechanism of the effect is unclear,
and further investigation is required to confirm any
effect on survival.

With the spread of AIDS and the increased
worldwide frequency of bone marrow and organ
transplantation, the population of immuno-
suppressed patients is growing, with a subsequent
increase in the necessity for prophylactic suppres-
sion of potentially fatal herpesvirus infections in
these patients.

Intravenous or oral aciclovir causes virtually
complete suppression of latent clinical HSV and
VZV infections during prophylactic treatment (as-
sociated with decreased severity or incidence of
infection on drug withdrawal in some trials) in
most patients considered at increased risk of reac-
tivation (patients with haematological disorders
who received a bone marrow transplantation, ra-
diotherapy or cytotoxic chemotherapy, and patient
who received a solid organ transplant). The preven-
tion of reactivation of CMV infection has been less
successful. However, viral shedding and the in-
cidence of invasive CMV disease have been sub-
stantially reduced with high dose oral aciclovir
prophylaxis, and the addition of CMV-specific im-
munoglobulin to aciclovir therapy has been suc-
cessful in some patients undergoing heart or lung
transplants.

7.3 Conclusions

The place of aciclovir as an effective agent in
the therapy of herpesvirus infections in both immu-
nocompetent and immunocompromised patients
remains firmly established. Aciclovir is a first-line
option for treatment and prophylaxis of HSV and
VZV infections, with no clear advantage shown for
newer agents in the few comparisons performed to
date. Although higher doses are required for infec-
tions caused by other herpes viruses, the prophy-
lactic role of aciclovir in patients at increased risk
of herpesvirus infections associated with immune
deficiency is now accepted. However, these infec-
tions may still recur after completion of aciclovir
treatment or prophylaxis, since the latent virus is
not eradicated. Finally, further comparisons of
aciclovir with alternative antiviral agents, investi-
gations into the clinical effects of the drug in com-
bination with other drugs in herpesvirus and hepa-
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titis B infections, particularly in im-
munocompromised patients, and examination of
the effects on survival of combining aciclovir with
zidovudine in HIV-positive patients, may well
broaden the scope of aciclovir use in the future.
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Erratum

Vol. 46, Supplement 1, 1993, page 103: In the first sentence both of the Summary and of the Patients and Methods section, the dosage
of naproxen should be 250mg twice daily, not 500mg twice daily, as shown.





