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PREFACE 

Antiviral chemotherapy has come of age, and, after an initial slow pro
gress, the development of new antiviral agents has proceeded at a more rapid 
pace and the perspectives for their clinical use have increased considerably. 
Now, 25 years after the first antiviral assay (idoxuridine) was introduced in 
the clinic, it is fitting to commemorate the beginning of the antivirals' era. 

In its introductory chapter B.E. Juel-Jensen touches on what may be con
sidered as five of the most fundamental requirements of an antiviral drug : 
efficacy, relative non-toxicity, easy solubility, ready availability and rea
sonable cost. Surely, the antiviral drugs that have so far been used in the 
clinic could still be improved upon as one or more of these five essential 
demands are concerned. 

How is all began is narrated by W.H. Prusoff. The first antiviral drugs 
to be used in humans were methisazone and idoxuridine, the former, which is 
now of archival interest, in the prevention of smallpox, the latter, which was 
approved for clinical use in the United States in 1962, for the topical 
treatment of herpetic keratitis. 

In terms of potency, also because of solubility reasons, idoxuridine has 
been superseded by trifluridine in the topical treatment of herpes simplex 
epithelial keratitis. H.E. Kaufman did not find trifluridine or acyclovir ef
fective in the treatment of deep stromal keratitis or iritis and he reckons 
that other antiviral drugs (i.e. bromovinyldeoxyuridine) would not be effec
tive either. 

However, P.C. Maudgal and E. De Clercq found that stromal keratitis reac
ted favorably to topical treatment with bromovinyldeoxyuridine, and so did pa
tients with dendritic and geographic corneal ulcers. Even those patients whose 
keratitis did not respond to treatment with either idoxuridine, trifluridine, 
vidarabine or acyclovir healed promptly when treatment was switched to bromo
vinyldeoxyuridine. Preliminary findings indicate that combined oral and topi
cal bromovinyldeoxyuridine treatment is also efficacious against ophthalmic 
herpes zoster. 

Herpes simplex encephalitis has, because of its severity (mortality in 
excess of 70 %), since the 1960's been considered as an important target di
sease for antivirals. Acyclovir is currently the drug of choice for the treat
ment of biopsy-proven herpes simplex encephalitis, but, as pointed out by R.J. 
Whitley, therapeutic benefit depends on the age of the patient, the level of 
consciousness (Glasgow coma score) and the onset of treatment relative to the 
onset of the disease. Further improvements in therapeutic regimens as well as 
non-invasive diagnostic procedures are highly desirable. 

The development and evaluation of an effective chemotherapy for recurrent 
herpes simplex labialis in otherwise normal, non-immunocompromised subject has 
proven to be an arduous task, and S.L. Spruance explains why the treatment of 
herpes labialis has remained elusive. Clinical benefit may be achieved, how
ever, by improved means of drug delivery and treatment initiated in the ear
liest lesion stages. 

xi 
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The parameters that should be followed in assessing the efficacy of anti
viral drugs in the treatment of genital herpes. either primary (or nonprimary. 
initi~l) or recurrent. are addressed by S.L. Sacks. Oral acyclovir is espe
cially useful for the therapy of primary genital herpes and the prophylaxis of 
frequent recurrences. An acceptable treatment form for recurrent disease is 
still eagerly waited for. 

Controlled double-blind clinical studies have shown that acyclovir. whe
ther administered intravenously. orally or topically. is effective for the 
treatment of established herpes simplex virus (HSV) infections in immunosup
pressed patients. R. Saral' and P. Lietman prefer the use of intravenous acy
clovir at 250 mg/m2 every 8 hours. acknowledging that the optimal dose and 
treatment schedule may not yet have been defined. 

For the treatment of varicella and zoster in immunocompromised patients. 
J. Englund and H. H. Balfour Jr .' recommend the use of intravenous acyclovir at 
7.5-10 mg/kg every 8 hours for a total duration of 5-10 days. Zoster in immu
nocompetent hosts may be managed on an outpatient base with very high oral do
ses (5 x 800 mg daily) of acyclovir. Whether such high dosage regimen could 
also be recommended for uncomplicated varicella in the normal host needs fur
ther investigation. Clearly. there is a need for an orally active drug that 
could be given at a realistic dose to outpatients with varicella-zoster virus 
infections. 

Amid the compounds which have been described as anti-herpes agents. bro
movinyldeoxyuridine ranks as one of the most potent and selective inhibitors 
of varicella-zoster virus (VZV). Preliminary clinical studies reviewed by S. 
Shigeta and E. De Clercq point to the efficacy of bromovinyldeoxyuridine in 
the treatment of varicella (chickenpox) and zoster (shingles) in immunocompro
mised patients. An additional bonus of bromovinyldeoxyuridine is that it can 
be given orally at relatively low doses without apparent toxicity for the 
host. Double-blind clinical studies are needed to further corroborate the 
great potential of bromovinyldeoxyuridine for the treatment of VZV infections. 

One. if not the. major cause of morbidity and mortality in immunocompro
mised patients. particularly bone marrow transplant (BMT) recipients and pa
tients with the acquired immune deficiency syndrome (AIDS). is cytomegalovirus 
(CMV). P.R. Skolnick and M.S. Hirsch review the current means available for 
the therapy and prevention of CMV infections. A significant advance in the 
therapy of CMV infections is dihydroxypropoxymethylguanine (DHPG) which ap
pears efficacious in certain patient populations. However. needed are new 
agents with greater activity against CMV which also have enhanced oral bio
availability. thus making long-term therapy and prophylaxis satisfactory. 

H.P. Prentice and I.M. Hahn re-emphasize that the prevention of CMV in
fection in immunocompromised patients is the major challenge facing clini
cians. In this situation. acyclovir is of little or no value. However. oral 
acyclovir or its prodrug. 6-deoxyacyclovir. may be useful in the prophylaxis 
of HSV recurrences in high-risk patients. and some hope may also be held for 
6-deoxyacyclovir in the oral prophylaxis of VZV recurrences in such patients. 

C. Crumpacker reviews the mechanisma and clinical importance of resis
tance of HSV to nucleoside analogues such as acyclovir. This resistance may be 
based upon a deficiency or alteration in the substrate specificity of the vi-
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rus-induced thymidine kinase or alteration in the virus-induced DNA polyme
rase. Acyclovir-resistant HSV variants have occasionally been isolated from 
immunosuppressed patients, but in immunocompetent persons the emergence of 
drug-resistant viruses does not appear to be a common problem. 

The position of foscarnet in the antiviral armamentarium is still uncer
tain. According to B. Oberg and his colleagues. it is of little. if any, use
fulness in the topical treatment of labial and genital herpes. However, intra
venous administration of foscarnet, at doses as high as 6 to 10 g per day for 
Z weeks, may have a beneficial effect on CMV infections in renal transplant 
patients, and. in particular, CMV retinitis in AIDS patients seems to respond 
favorably to foscarnet treatment. Whether foscarnet has any beneficial effect 
on the progression of the AIDS disease remains to be investigated. 

Considerable progress has been achieved in developing potent antirhinovi
ral agents, whether interferons (HuIFN-aZ) or synthetic substances. As pointed 
out by D.A.J. Tyrrell and W. Al-Nakib, HuIFN-aZ is effective in preventing na
turally occurring rhinovirus infection within the family setting, and interfe
rons would have a much wider application as long-term prophylaxis, had it not 
been for their toxicity. Should interferon prove as synergistic with synthetic 
antirhinoviral agents in humans as it does in cell culture, it may be possible 
perhaps to use interferon, in combination with these synthetic drugs. for sea
sonal prophylaxis at concentrations that are not toxic. 

The efficacy of rimantadine in both the prophylaxis and therapy of in
fluenza A virus infections has become increasingly clear. R. Dolin reviews re
cent studies with rimantadine in young children and the elderly. At commonly 
employed doses, rimantadine appears similarly efficacious as amantadine but 
gives rise to fewer central nervous system (CNS) side effects. 

Ribavirin has recently been approved for aerosol treatment of respiratory 
syncytial virus (RSV) infection in infants, and V. Knight and B. Gilbert feel 
that ribavirin aerosol should also be used in the treatment of influenza A and 
B, and. possibly, parainfluenza virus infections. 

When given systemically (intravenously or perorally), ribavirin is effec
tive in the therapy of Lassa fever, and. as pointed out by J.B. McCormick and 
S.P. Fisher-Hoch, it would now seem mandatory to examine whether other hemor
rhagic fever virus infections, such as those caused by the Argentinian and Bo
livian hemorrhagic fever viruses, Rift valley fever virus and Crimean-Congo 
hemorrhagic fever virus, are also amenable to antiviral therapy. 

Despite the successes obtained with interferon, amantadine, rimantadine 
and ribavirin in the prophylaxis and therapy of certain respiratory virus in
fections, S.J. Sperber and F.G. Hayden infer that there is still a need for 
more effective agents, better delivery systems, more rapid diagnosis and in
creased knowledge of the epidemiology, transmission and pathogenesis of respi
ratory virus infections. Virucidal substances might eventually prove useful in 
reducing transmission of some respiratory viruses. 

For the treatment of gastrointestinal tract virus infections no specific 
antiviral drugs are presently available. L.A. Babiuk. M.I. Sabara and P. Fren
chick anticipate that antiviral drug treatment of gastrointestinal virus in
fections would be much greater a challenge than, let say, the treatment of 
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herpes virus infections, and this because of a number of reasons, i.e. the va
riety of causative virus agents involved, the need to interfere at the very 
early stage of infection and the problems concerning delivery and maintenance 
of the antiviral drugs at the site of infection. 

One of the major targets, if not the most challenging target, for current 
chemotherapeutic attempts is AIDS, and, as asserted by J. Balzarini and S. 
Broder, there are grounds for optimism that these efforts may eventually prove 
successful. The 2',3'-dideoxynucleoside analogues, i.e. azidothymidine and di
deoxycytidine, show special promise in this regard, and, taking advantage of 
the pharmacological principles which govern the metabolism and mode of action 
of these compounds, their efficacy could undoubtedly be improved upon. 

It thus appears that antiviral agents have many promises to keep, the 
most challenging one being their presumptive activity against AIDS. According 
to G.J. Galasso, the ideal antiviral agent should be effective, non-toxic (or 
minimally toxic), highly viral-specific, non-inhibitory to the immune system, 
able to reach its target organ, unable to lead to virus-drug resistance, and 
preferably ingenious enough to overcome viral latency. This may sound utopian, 
but, looking back at what has been accomplished during the past few years and 
considering the various new antiviral agents that have recently been develo
ped, selective antiviral chemotherapy no longer falls beyond the realm of rea
lity. 

E. De Clercq 
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CLINICAL USE OF ANTIVIRAL DRUGS 

B.E. JUEL-JENSEN 

Nuffield Department of Clinical Medicine, University of Oxford, Oxford, 
United Kingdom 

ABSTRACT 

This introductory chapter touches on some general problems of the 

clinical use of antiviral agents, as illustrated by drugs so far used in 

poxvirus infections, in the herpesvirus group and in some RNA virus 

infections. 

INTRODUCTION 

Some fifty years ago saw the beginning of the antimicrobial 

chemotherapy era. Domagk (1) had discovered prontosil in 1935, and 

clinicians, for example Colebrook and Kenny (2) in 1936 had first used 

the drug in the treatment of human puerperal infection. Revolutionary 

though the sulphonamides were in the treatment of meningococcal, 

pneumococcal and streptococcal infection, the range of activity was 

limited and toxic side-effects were considerable. 

A whole new era began when Florey and his Group in 1941 first 

purified penicillin, and first used it systemically in man (3). The drug 

had been studied for its antimicrobial effect in mice, and its action in 

patients was little short of miraculous. A surviving member of the 

team said in passing to the writer not long ago: "We were lucky there 

was no Safety of Drugs Committee". Perhaps it should read mankind 

was fortunate that there was no Watchdog Committee which had queried 

its use in man before more extensive animal experiments had gone on, 

for instance in the rabbit, which would have put paid to the most 

valuable antimicrobial discovered to date. A wide variety of 

antibacterial antimicrobials has since been discovered and found to be 

very useful in clinical practice. 

However, bacteria differ fundamentally from viruses, insofar that 

they often contain components which are not present in the host. 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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Muramic acid is an example. It is, therefore, at least theoretically 

possible, and often in practice feasible to attack the bacterium without 

doing the host significant harm. In all treatment, the clinician must 

weigh the possible benefit of the drug against the possible harm done 

by the drug. With penicillin the decision is usually easy, the 

antimicrobial is harmless even in very high doses, and the benefit 

conveyed may be considerable. With some drugs, e.g., vancomycin, 

extreme caution must be used. 

Fungal infections have on the whole proved much more difficult to 

attack than bacteria. Most of our few active drugs are relatively 

toxic, such as amphotericin and flucytosine. 

Malaria is the most important protozoal disease. The last thirty 

years has been one continuous tale of disappointments,as P. falciparum 

became resistant to chloroquine, to Fansidar, to quinine and quinidine, 

and some prophylactics such as Maloprim (pyrimethamine and dapsone) 

showed myelotoxicity. Among the anthelmintics those against the 

important tropical and subtropical infestations schistosomiasis and 

filariasis are many of them very toxic. Only the recent advent of 

praziquantel, active against all forms of schistosomiasis, has caused a 

revolution in the treatment of this ubiquitous infestation. 

Onchocerciasis is still difficult to treat when such drugs as suramin 

have to be used against the adult worm. 

However, the difficulties encountered in the treatment of other 

infections and infestations fade into insignificance when it comes to the 

clinical treatment of viral infections. The fundamental problem is that 

the virus shares so many of its metabolic processes with the host, and 

has no components peculiar to itself. Therefore, treatment of virus 

diseases must be a compromise between, on the one hand arresting 

replication of the virus, preferably killing it, and on the other not 

harming the host or at worst dOing only minimal damage which could be 

justified by the possible gain. In the following some groups of viruses 

and antiviral drugs which have been used in clinical practice are 

mentioned briefly to give an overview. The following chapters will 

treat individual problems in depth and give recent developments. 
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Bauer in 1955 had suggested that methisazone might be effective 

prophylactically in people who had been exposed to smallpox infection 

(4). A trial was carried out in Madras in 1963 on a group of contacts 

where people exposed to infection were assigned to treatment or no 

treatment alternately. Methisazone was given by mouth as a 20% 

suspension in sucrose syrup according to four dosage schedules. Some 

or all of the drug issued was taken by 2,610 contacts; 18 developed 

smallpox during the observation period and 4 died. In the untreated 

group of 2,710 contacts, 111 developed smallpox and 21 died, or in this 

trial the case incidence was 0.69% in the treated contacts, and 4.17% iri 

untreated contacts. There were flaws in the trial but on balance there 

can be little doubt that methisazone worked as a prophylactic drug (5). 

A therapeutic trial of methisazone in established smallpox was carried 

out by Rao and others in 1964-5 (6). There was no significant 

difference between the outcome in patients treated with 12 g at once 

and 3 g six hourly to a total of 12 doses and those given placebo. 

The drug was given to 208 patients and placebo to 215. The 

disappearance of smallpox has made the problem of dealing with that 

disease obsolete, but a small trial of cytarabine by Dennis and others 

(7) failed to show any benefit from the drug. The numbers entered 

into this double-blind controlled trial were small: in 18 Ethiopian 

patients a single intravenous dose of 100 mg/sq.m of body surface on 

each of four consecutive days did not alter the natural course of the 

disease. Criticism of the trial is twofold. The numbers (18) were 

small, and the disease in Ethiopians was very mild. Only about 5% of 

people admitted to hospital with the disease used to die. Second, the 

dose was very modest. Should poxviruses again become a problem, one 

would surely use a considerably higher amount of drug. Hossain et aI, 

had in 1972 shown that cytarabine is active against variola in man 

provided the drug is given early enough in the disease (8). Anecdotal 

evidence showed in the past that systemic cytarabine was effective in 

eczema vaccinatum. The writer saved one tour of the All Blacks when 

they visited England many years ago. One of their number had 

misbehaved and was sent back and a replacement was sent having been 
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vaccinated without reference to the fact that he had atopic eczema. On 

arrival he had widespread eczema vaccinatum and our systemic 

cytarabine cleared up the lesions within four days, enough time to 

allow him to play in an important fixture with the English rugby side. 

There was a need then for a drug effective against vaccinia, for 

doctors could prick themselves on their fingers and get vaccinia 

whitlows. Idoxuridine 35% in DMSO applied on dressings would also 

stop the spread of infection. Vaccination on any large scale has now 

ceased. However, in experimental work in academic units, the use of 

vaccinia virus as a carrier for genetic material has become fashionable, 

and there is no doubt that vaccination has started again among people 

who work with vaccinia virus for that purpose. It is therefore useful 

and necessary to have in reserve drugs that will cope with the 

infection when things go wrong. 

HERPES VIRUSES 

Idox uri dine 

This is perhaps the most important group of viruses where 

effective antiviral chemotherapy is needed. Over the years often quite 

sophisticated chemotherapy and radiotherapy has been developed in the 

battle against malignancies, particularly various forms of 

lymphoproliferative disease. Transplantation, in particular of kidneys, 

has become widespread. Most transplanted patients must of necessity 

take immunosuppressant drugs to prevent rejection. This carries with 

it a much increased risk of reactivation of the herpesviruses, and 

regrettably patients are still lost because of generalized infection with 

herpes simplex or varicella zoster virus or cytomegalovirus. The role 

of Epstein-Barr virus, the fourth herpesvirus is less certain. This 

group of viruses was one of the earliest for which there was a glimmer 

of hope that practical clinical treatment might be possible. The first 

antiviral drug of real importance, idoxuridine, was synthesized by 

Prusoff (9) in 1959, and Kaufman treated herpetic keratitis successfully 

in 1962, first in rabbits and then in man without significant toxicity to 

the host (10). But the eye is a favoured organ when there are 

superficial infections with herpes simplex, for even fairly insoluble 

substances can reach the virus. Double-blind controlled trials of 0.5% 
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idoxuridine in an inactive water soluble cream base compared with 

inactive base as placebo in patients with recent recurrent cold sores 

when the cream was applied six hourly showed no benefit from the 

active substance. Such trials were carried out by Burnett and Katz 

(11) and by Juel-Jensen and MacCallum (12) and subsequently by 

Kubrick and Katz (13). Though recurrent cold sores are trivial 

complaints, the lesson to the clinician was an important one. However 

excellent an antiviral drug may be in vitro, it is vital that it should be 

possible to get it to the lesion where the virus is. We tried spraying a 

weak watery solution through the skin. It showed significant effect in 

a double-blind controlled trial, but it was impracticable to use spray 

guns in ordinary work. We showed (14) that idoxuridine could be 

dissolved in dimethyl sulphoxide and that that would successfully 

penetrate the skin and successfully shorten the duration of and the 

period of virus shedding in recurrent herpetic lesions. It became clear 

that idoxuridine, useful though it is not only in recurrent herpes 

simplex, but also in the treatment of uncomplicated segmental zoster 

(15), was far too toxic when given systemically in doses large enough 

possibly to influence herpes simplex encephalitis. The Boston 

Interhospital Virus Study Group clearly showed this in 1975 (16). 

Hopefully that once and for all put a stop to systemic use of a drug of 

considerable toxicity. It had been used on repeated occasions on an 

anecdotal basis where there had been no real evidence of efficacy. 

Quite apart from its toxic properties, idoxuridine showed one 

characteristic which unfortunately is shared by many of the antiviral 

drugs at present in use. It is very insoluble at ordinary pH. In the 

early days when it was used intravenously, it was necessary to 

dissolve it in a solution at pH 11, when as much as 0.5% would go into 

solution. Unfortunately many other drugs active against herpes 

simplex virus are also very insoluble and the question of solubility 

must enter into consideration when new drugs are planned. If they 

are insoluble much thought should be given to producing analogues that 

are soluble and therefore easy to give to the patient. 

Cytarabine 

The need in severe herpes simplex infection as well as in varicella 

zoster and cytomegalovirus infection for a reliable systemic drug was 
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obvious. Cytarabine, which had been found by Bauer to be about five 

times as active as idoxuridine against herpes simplex virus (17), is one 

of the very few drugs that is easily soluble. Kaufman and Maloney had 

found that a 5% solution of cytarabine was active in the treatment of 

herpetic keratitis (18), but repeated instillations of 0.5% or 0.1% 

solutions into the eye caused reversible speckling of the cornea due to 

distortion of the corneal epithelium, and its use in the eye was 

stopped. Give a dog a bad name...... Reports on toxicity in man 

have, however, mainly been of experience in patients with malignant 

disease that in itself often affects the bone marrow. In patients with 

normal marrow one only sees a transient macrocytosis, usually in the 

second week after the institution of treatment, and the drug has low 

toxicity. Provided it is given in a bolus rather than contin uously, a 

therapeutic level of drug is achieved and the effect on the bone marrow 

is minimal, whereas slow administration will give maximum adverse 

effects on the bone marrow and probably no effect on the virus. 

Cytarabine was used successfully by Hall et al in 1969 to treat 

patients with zoster (20), and in our hands the drug was effective in 

treatment of severe systemic herpes simplex virus infections. It was 

found to be an invaluable adjunct in a series of 15 consecutive patients 

of which 14 had proven herpes simplex encephalitis. All survived, 13 

to go on to lead useful lives. The fifteenth patient turned out in the 

event to have been infected with Simian herpesvirus and died (21). A 

national trial, however, had to be stopped, because patients both in 

placebo and active drug groups had a survival rate lower than that of 

the untreated average for Britain. Though the multicentre trial was 

carefully constructed, we failed to take into account the wide variation 

in accessibility and sophistication of intensive care units. 

Vidarabine 

Although it turned out to be of limited value as a potential 

anticancer agent, vidarabine, synthesized by Lee-.!! al (22) was found 

to be active against herpes simplex, vaccinia and varicella zoster virus 

in vitro by Miller et al 1969 (23). In clinical practice it was as active 

in the 3.3% ointment as 1% drops in herpetic keratitis (Coster et al 

(24» but once again the problem of insolubility came up. The drug is 

even less soluble than idoxuridine in ordinary water. This presents a 
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problem when the drug is given systemically and large amounts have to 

be administered, not least when the patient is on the verge of heart 

failure. The problem may be overcome with simultaneous use of a 

diuretic. Given systemically vidarabine is at present the drug of 

choice in complicated zoster such as motor zoster, zoster of the 

trigeminal nerve, zoster of S2 and below which often involves bladder 

and bowel and in immunosuppressed patients, unless they have 

profound marrow depression. The efficacy of the drug has been 

proved by do ble-blind controlled trials by Whitley et al (25). We 

have found a limitation in the elderly, that is in patients over about 

65. A limitation caused by an unfortunate tendency of the patients to 

develop extrapyramidal signs like Parkinsonism. These signs disappear 

when the drug is withdrawn, but unless there is an absolute 

contraindication to the use of acyclovir that drug should be preferred 

despite its shortcomings. Vidarabine was used in herpes simplex virus 

encephalitis (26), but with disappointing results. It has already been 

mentioned above how antiviral chemotherapy in that condition can play 

a minor role only and strains of herpes simplex virus are much less 

< 10 times) sensitive to vidarabine than to idoxuridine in vitro. 

The clinician must regret that soluble derivatives of vidarabine, 

such as Ara-AMP (27)~ were never produced commercially. Had it been 

generally available a major clinical disadvantage would have been 

overcome. Although the half-life of vidarabine is short, perhaps half 

an hour, the metabolite hypoxanthine arabinoside, which is also active 

against varicella zoster although less so, has a half-life of 24 to 28 

hours. In zoster constant exposure to the drug is essential and a long 

acting substance is therefore of great value. It may also be that such 

a substance is needed to deal with the virus that causes multiple 

papillomata of the larynx in children. 

Acyclovir 

About ten times more active than idoxuridine against some strains 

of herpes simplex virus in vitro, acyclovir compares with cytarabine in 

potency. Varicella zoster virus is not so sensitive (28), probably 

because the thymidine kinases of this virus have far less avidity for 

the drug than does that of herpes simplex virus. Unfortunately, 

acyclovir is practically insoluble in water, and less than 10% solution 
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can be achieved in dimethyl sulphoxide. It is relatively non-toxic when 

given systemically, but to get any amount into solution in a small 

volume it is necessary as with idoxuridine to present the drug at pH 

11. It cannot be given intravenously in a bolus in the dose used for 

the treatment of zoster (10 mg/kg eight hourly), for there is transient 

impairment of the renal function probably due to crystalluria. Unless 

it is infused slowly in a large volume there may be serious interference 

with the kidney. The drug has been proven to be of value in 

controlled trials in the prophylaxis of herpes simplex infections in 

immunosuppressed patients (29) and (30) and in primary genital herpes 

(31). Double-blind controlled trials have also shown that intravenously 

infused acyclovir was of undoubted value in herpes simplex encephalitis 

when compared with vidarabine (32). In 53 confirmed cases the 

mortality in the group treated with acyclovir (10 mg/kg eight hourly 

for ten days) was 19% as against a mortality of 50% in the group 

treated with vidarabine (15 mg/kg daily for ten days). What is not 

said in the published paper, but what is of vital importance is that the 

supporting treatment of these patients was first class. 

As could have been anticipated, namely that acyclovir might be 

less effective in varicella zoster than in herpes simplex infection turned 

out to be so. In three double-blind controlled trials, where doses of 

5mg/kg eight hourly (33) and ten mg/kg eight hourly (34) and (35) 

had been used, there was no statistically significant effect on the most 

dreaded of all sequelae of zoster, namely postherpetic neuralgia. 

There was a suggestion of a probable effect on the severity of late 

pain in the studies by Bean and colleagues and by the Oxford Group. 

But using the most convenient tool, the retrospectoscope, it is easy to 

see where the weakness of all trials in zoster lies. Much too little 

attention has been paid to what constitutes the onset of the illness. 

The prodromal period before a vesicular rash appears may vary widely, 

insofar as one can measure this period. The only recordable index is 

preliminary pain. This can be as much as three weeks. It is hard to 

imagine that any drug, however good, would have as striking an effect 

on a lesion that had been symptomatic for three weeks as it would in a 

lesion that appeared overnight. Bean and colleagues had trouble with 

transient impairment of renal function. This is almost certainly because 
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patients had been treated on an outpatient basis and the drug was 

given too quickly. We did not find this problem, but it is of course 

expensive to have people in hospital for frequent intravenous slow 

infusions. McKendrick et al (36) found that huge doses of oral 

acyclovir (800 mg five times a day) significantly shortened the period 

to healing and reduced short term pain as compared with placebo in a 

double-blind controlled trial. Whether there will be any effect on 

postherpetic neuralgia remains to be seen. 

Oral acyclvir in doses of 200 mg five times a day undoubtedly has 

a good effect on herpes simplex lesions and it may well be that some of 

the second generation drugs may be more readily absorbed than 

acyclovir. In the writer's view it is a mistake to apply any drug which 

has a potential intravenously in preparations to be applied to the skin. 

Quite apart from the fact that, except with the aid of solvents such as 

dimethyl sulphoxide, it is extremely difficult to get a near insoluble 

drug into the skin, there is a very real risk of sensitizing more readily 

by contact with the skin. It may make it impossible subsequently to 

use the drug when there is a life-threatening infection. Sensitization 

has throughout been a problem in the use of anti-herpes simplex drugs 

in the eye, where treatment of herpetic keratitis demands long-term 

use. 

None of these and similar drugs active against herpes simplex and 

less active against varicella zoster, has so far turned out to be very 

effective against cytomegalovirus. Cytarabine will arrest 

cytomegalovirus excretion in immunosuppressed patients and so will 

some of the second generation acyclovir compounds, but the moment the 

drug is withdrawn the infection becomes active again. Nothing can be 

more distressing than seeing a patient, grossly immunosuppressed 

because of a myeloproliferative disorder and because of aggressive 

cytoxic treatment, rapidly losing his sight because of cytomegalovirus 

infection of the retina. One arrests the lesion but has to withdraw the 

drugs mentioned because of profound thrombocytopenia. We 

desperately need a drug that is sufficiently non-toxic and yet capable 

of inhibiting cytomegalovirus. A drug, in other words, that is not 

dependent on the presence of thymidine kinase in the virus. 
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There is little doubt that acyclovir will inhibit the replication of 

Epstein-Barr virus. There is in addition growing evidence that the 

virus may persist in the nasopharynx in patients who have prolonged 

symptoms in infectious mononucleosis. It would therefore seem 

reasonable to explore in greater depth the possibility of cutting short 

the course of persistent infectious mononucleosis, particularly in those 

who show a continuously elevated level of Epstein-Barr virus early 

antigen antibody. 

Other Drugs 

Bromvinyldeoxyuridine (BVDU) has not been generally available. 

Highly active against herpes simplex virus type 1 but less so against 

type 2, it is of particular interest because it is very active against 

varicella-zoster in vitro. Unfortunately it has not until the present 

been readily available, but it may well be that one is able to salvage 

grossly immunosuppressed patients with widespread varicella zoster 

disease if it were freely available. This and other interesting 

compounds have been extensively discussed by De Clercq (37). 

For the whole of the herpesvirus group the situation seen from 

the clinician's point of view currently is this: we have an admirable 

drug in the shape of acyclovir against most strains of herpes simplex. 

One of its few drawbacks is its insolubility. If a patient is on the 

brink of heart failure or is in heart failure one may still have to use 

the equally potent, but more toxic substance, cytarabine. Varicella

zoster can be treated after a fashion, but none of the drugs available 

are ideal, for if a sufficiently high level of antiviral drug is to be 

attained, there is a risk of side-effects as mentioned above. 

Manufacturers of antiviral drugs should always ask as one of the first 

questions of any potentially useful substance: is it easily soluble? We 

should not lose sight either of the fact that any level we may measure 

in the blood may not represent the level that is present where the 

virus is found in the host. An easily soluble drug would probably 

more readily get to the affected area. 
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This drug, which has a considerable range of activity against RNA 

viruses, has in recent years again been subjected to clinical trials 

which suggest that it may be useful in practice. In a randomized 

double-blind study Hall et al found that infants receiving ribavirin in 

an aerosol in respiratory syncytial virus infection had significantly 

greater improvement in their overall score for severity of illness and 

lower respiratory tract signs and in arterial oxygen saturation than in 

the placebo group (38). An aerosol was also found to be effective in a 

randomized controlled study in the treatment of influenza B virus 

infection in a group of college students (39). Its role in exotic, and 

potentially severe disorders such as Congo haemorrhagic fever, Lassa 

fever, rabies, Marburg virus disease, Ebola virus disease, Dengue and 

Yellow Fever is still to be determined. Clearly drugs effective against 

the whole range of RNA virus infections in man is very high on the list 

of desiderata. 

HIV 

Currently, one virus disease above all others, namely that caused 

by human immune deficiency virus (HIV, HIV- 2, etc.) must engage 

maximum attention. There is a little evidence that the virus may 

undergo drift and shift comparable to that of the influenza virus, and 

that apart from any other consideration, that may make the production 

of vaccine difficult. Therefore, an effective antiviral drug is 

desperately needed. Incidentally, it may be that drugs active against 

other viruses might be developed in the course of the search of an 

agent against this plague, which otherwise might not have been 

developed. The position of interferon in the treatment of virus disease 

is still unclear. Often, by the time it is possible clinically to diagnose 

a virus disease, levels of interferon are already so high that it is 

doubtful whether added external interferon would change the course of 

the disease. However interesting the effects of drugs on viruses 

grown in tissue cultures may be, in clinical practice the drug should 

be effective at the stage when clinical diagnosis is possible. 
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CONCLUSION 

The introductory chapter has not covered anything like all the 

many needs for good antiviral drugs in clinical medicine. Certain 

fundamental demands must be made of the drug: 1) It must be 

effective. 2) It must be relatively non-toxic. 3) It must be easily 

soluble. However excellent the drug may be in vitro, it is useless in 

vivo if it cannot easily be delivered to the patient. 4) The drug must 

be readily available. 5) The cost of the drug must be such that a 

large number of people will be able to benefit from it. This last is not 

least true of drugs with potential action against tropical diseases such 

as for instance South American haemorrhagic fever, Congo haemorrhagic 

fever and many of the arboviruses. 

Many individual drugs will be discussed in detail in the following 

chapters, but the reader may find that Sir Charles Stuart-Harris's and 

John Oxford's book Problems of Antiviral Therapy gives a useful 

overview of many of the difficulties attached to the whole subject (40). 
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IDOXURIDINE OR HOW IT ALL BEGAN 

W.li. PRUSOFF 

Department of Pharmacology, Yale University, School of Medicine, New Haven, 
Connecticut 06510, U.S.A. 

"In the beginning God created Heceven and the Earth and the Earth was 

without form and void and darkness was upon the face of the deep •.• Then God 

said : Let there be Light and there vas Light" (1). 

The earth is believed to have been formed about 4.6 billion years ago 

from a mass of gas or dust which travelled around the infant sut:. Evidence 

that life existed more than 3 billion years ago is derived from th~ discovery 

of fossils in ancient rock formations. Primitive earth is postulated to have 

been enveloped in a reducing atmosphere that contained CH4 , NH3 and H20 from 

which organic molecules destined to be the basis of liviIlg things were formed. 

The energy source required for such synthesis may have been ultraviolet radia

tions present in lightning and sunlight, as well as steam and other hot gases 

from volcanic eruptions. Support for such reasoning comes from simulation of 

these primitive conditions in the laboratory which resulted in the creation of 

amino acids. pentose and hexose sugars, nucleic acid bases and porphyrins. 

Further evidence exists in the laboratory for the condensation of nucleic acid 

bases and sugars by ultraviolet irradiations in the presence of phosphates or 

cyanide. Presumably, nucleotides formed on primitive earth, polymerized ran

domly, and a rare nucleotide polymer became self-·r.,plicating. Similarly, amino 

acids may have polymerized into protein-like substances (2). 

Our present day knowledge of nucleic acids begins with }fiescher' s disco

very in 1869 of "Nuclein" in pUG cells derived from discarded surgical banda

ges. He characterized "Nuclein" as being high in phosphorous, acidic, and so

luble in alkali but not in acid. Prior to this time several purine bases (uric 

acid, xanthine, guanine, hypoxanthine) had been discovered. The term "nucleic 

acid" was first used by Altman who was a student of Hiescher. Kossel and his 

students identified adenine from beef pancreas, uracil from yeast nucleic acid 

and both thymine and cytosine from thymus nucleic acid. Levene and colleagues 

DeClercq, E. (ed.>, CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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idencif!ec D-ribose e& a component of yeast r.ucleic acid ar.d D-2-deoxyribose 

as 11 component of thymus nucleic acid. Thus all the purine and pyrimidine ba

ses of nucleic acids ... ere identified (3). 

The importance of nucleic acids as genetic determ!nants is well esta

blished tuc.ay. The concept that r.ucleic acid plays such a role evolved from 

the discovery by Avery, HacLeod and EcCarty (4) that DNA can ir!duce transfor

mation of pneumococcus type II into pneumococcus type III. Further support for 

the critical role of nucleic acid came from the investigations of Hershey and 

Chase (5) who established that pha~e DNA, but not phage protein, was injected 

into E.coli. 

Analogs of nucleic acid ba~es and their nucleosides have been synthesized 

in which extensi"ve variation of the purir.e, pyrimidine and pentose moieties 

have bEot:n made, and citations n:.ay be found in the follOwing references (6-10). 

Hitchings and his colleague,; (11,12) were the first to cystematically study 

analogs of purine and pyrinidine bases as potential inhibitorc of nucleic acid 

cynthesis, since the importance of nucleic acids for cellular replication was 

well appreciated by the 1950s. 

The nutritional requirement for purine and pyrimidine bases by several 

strains of bacleria encouraged study of these analogs as potential inhibitors 

of nucleic acid metabolism. Purines, pyrimidines, nucleosides, nucleotide& and 

analogs thereof have been useful in the therapy of cancer, metabolic disor

ders, therapy of various infectious agents as well as in the serting out of 

biochemical pathways. However, this discussion will be restricted to their 

role in antiviral chemotherepy. Welch (13) has discussed the rationale for the 

use of purine and pyrimidine analogs for therapy of cancer. 

Elion end Hitchings (14) have presented an extensive review of purine and 

pyrimidine analogs as antiviral agents, and references to the original reports 

may be found therein. Among the purine analog,;, 2,6-diaminopurine was the 

firsc to show antiviral activity by inhibition of the replication of vaccinia 

virus (15,16). Among the pyrimidir:e analogs several 5-substituted uracils 

(5-brOliLcuracil, 5-hydroxyuracil, 2,4-dithiothymin£:) were repC'rted to produce a 

small inhibition of the replication of vaccinia virus (15). Additional refe

rences to the early studies of these and other purine and pyrimidine analogs 

as antiviral agents have been presented in several reviews (9,17-19). A few 

recent reviews of compounds evaluated for their antiviral activity in cell 

culture. as well as those in clinical use or trial, have been published (20-

38). 
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Several historical reviews of the discovery of antiviral drugs have been 

presented (39,40). Perhaps the first report of a co~pound with antiviral acti

vity was that of Brownl~~ and Hamre (41) who found p-amillobenzaldeh:;dto thio

semicarbazone inhibited the replication of vaccinia viru& ~hen the virus was 

injected into the yolk sac of fert~le eggs. This observation was extended by 

Thompson and coworkers (42) who replaced the b~nzene moiet? with oth"'l" ring 

systems and found isatin-3-thiosemicarbazon~ protected mice infected with the 

vaccinia virus. Bauer (43) proposed that this compound might be effective in 

the prophylaxis of smallpox. Although the 1-ethylisatin-3-thiosemicarbHzone 

was most active, because of solubility problems, 1-methylisatin-3-thiosenicar

bazone (Hethisazone) was chosen for further evaluation. The effectiveness of 

this substance in preventing smallpox in man has been established (44). During 

a srr.allpox epidemic in Madras, 2,227 persons who had had close contact with 

established cas"s of smallpox .lere vaccinated and, of these, 1,101 n-'ceived 

methisazone. The group that did not rece:l.ve the drug ceveloped 78 cases of 

smallpox, of whom 12 died, whereas the group on drug therapy had only 3 mild 

cases of smallpox and EO deaths. These studies have been expanded and a r"'port 

presented by Bauer (45) indicated that among 2,297 treated close contacts, 

only 6 developed smallpox, of whom 2 di",d, whereas among 2,842 untreated con

tacts, 114 developed smallpox and 20 died. Hethisazone was reported to be a 

value also in the therapy of eczema vaccinatum (45) and vaccinie. gangrenosa 

(46). Since smallpox has be",n eradicated from the earth by the policy of con

tainment and vaccination this antiviral agent is of h:l.storical ir.terest only. 

The first compound to be approved by the Food and Drug Administration of 

the United States for clinical us£, is 5-iodo-2' -deoxyuridine (ldoxuridine, 

IUdR, IdUrd, IDU). Replacement of the hydrogen on carbon-5 of 8 pyrimidine by 

an iodine was first llchieved by Johnson and Johns (47) in 1905 in an alkaline 

reaction mixture. Hitchings et al. (48) were the first to study the effects of 

pyrimidines on the growth of Lactobacillus 9sei in 1945. Studies "d.th L.casei 

and other microorganisms have shown that 5-·iodouracil antagoni~es the utiliza

tion of thymine or thymidine for growth, and that this analog, as well as 

5-bromouracil, are :l.ncorporatetl illto bacterial DNA (48-52). 

These findill5s stimulated Arnold D. Welch (13), with whom William L. Hol

mes and I were postdoctoral fellows at: the time, to :Initiate an anticancer 

program based on the replacement of DNA thym:l.ne of neoplastic cells with 

5-iodouracil. Would neoplastic cells suffer the same inhibitory fate as micro

organisms by such a substitution in this vital macromolecule ? 
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The first question ~as whether 5-iodouracil ,}ould not cnly be incorpora

ted into mammalian DNA, but also whether one could a~hieve preferential lGca

lizatiGr. :'nto the DNA of neoplastic tissues. Bill Holmes and I (53) synthesi

zed radioactive [131 1 ]-5-iodouracil, [131 1 ]-5-iodouridine, ahd [131 1 ]_5_iodo_ 

Ol"otic acid, but no preferential uptake of radioactivity ir.to the pla~ma of 

mice was tot!pd. Since thymine (54-57) and thymin", riboside (57) are very poor 

precursors of DNA thymine in mammalian systems, it is not surprising in retro

spect, to have made such observations with the~e three iodinated compGunds. 

Kith the cOl!lJllercial availability of 2' -deoxyuridine, 5-iodo-2' -deoxyuri

dine (ldUra) was synthesized in good yield, and in crystalline form, by iodi

nation of :2' -deoxyuridine in dilute nitric ad d (58). Zamenhof et a1. (52) and 

Dunn ar.d Smith (49,50) had previously isolated IdUrci from the DNA of microor

ganisms when erown in media ~upplemente<l with 5-iodouracil. Prusoff (60), 

Hathias et a1. (59), and Eidinoff and co-workers (61-63) demonstrated incorpo

ration of IdUrd into the DNA of mamrr,alian cells. 

That the incorporation of IdUrd into mammalian CNA \fas a quantitative 

substitutfon of DNA thymidine by this analog \,a" shown by Mathias et a1. (59). 

They incubated L5178 cells with radioactive IdUrd and isolated the DNA after 

28 hours of incubation. The DNA was hydrolyzed enzynatically to the deoxyri-

honucleoside monophosphate and so:parated by ion-exchange chromatography. EacL 

nucleotide .;as quantitated and the amount of IdUMP (0.33 jJt:lole) plus dTMP 

(0.65 jJmole) very closely equaled that of dAMP (0.94 jJmole). Similarly, the 

amount of dGHP (0.99 jJmole) \la& similar to that of dC~1P (0.92 jJmole). 

The substitutiGn of IdUrd for thymidine i~ not precluded on steric consi

derations, even though there is an increase in the bulk volume of the halogen 

substituent on carbon-5 of the pyrimidine moiety. The methyl group has a van 

der Waals' atomic radius of 2.00 A, whereuf:: that of the iodine atom is Z.15 A. 

Nevertheless, there is no hindrance in the capacity of IdUrd to substituted 

for thymidine in the ~etabolic pathway leading to the formation of the mono-, 

di- and triphosphate derivative with subsequent incorporation into DNA. The KID 

of IdUrd for thymidine kinase HS well as the Km of IdUTP for DNA polymerase is 

essentially equivf.clent to that of thymidine and dTTP, respectively. The biolo

gical consequence of incorporation of IdUrd into the DNA of mammalian cells is 

an inhibition of replication. 

Studies on the ffiechanism of action of IdUrd were reported by Prusoff (64) 

in 1960 in which it was shown that IdUIC inhibited the utilization of radio

active orotic acid, formate and thymidine for the biosynthesis of DNA-thymine, 
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but not of orotic acid for the biosynthesis of DNA-cytosine or of RNA-pyrimi

dines by mouse Ehrlich ascites tumor cells in vitro. IdURd was also shown to 

be a competi.tive antagonist of the utilization of thymidine. 

These observations were the basis for two subsequent independent and si

multaneous investigations which culminated in establishing IdUrd as an effec

tive antiviral agent. Herrmann Jr. (65) and Rada et a1. (66) independently 

made a very important contribution to antiviral chemotherapy by their develop

ment of a plaque-inhibition test for evaluation of potential antiviral agents. 

Rada et a1. (66) described the inhibitory effect of 6-azauracil riboside on 

the multiplication of vaccinia virus. Herrmann Jr. (65) screened a wide va

riety of compounds to detect spE'cific inhibitors of DNA containing viruses. 

Among the compounds evaluated he identified IdUrd to be a potent inhibitor of 

vaccinia virus and herpes simplex virus. Prior to this report, Thompson et al. 

(15) observed 5-bromouracil significantly inhibited the replication of vacci

nia virus, and Smith et al. (67) the inhibition of polyoma virus production by 

BrdUrd. 

The other critical observation was contributed by Kaufman (68) who, as a 

research ophthe.1mologist, was engaged in a program concerned with finding a 

therapy for herpes keratitis using as the experimental model rabbits whose 

eyes were inoculated with the herpes sireplex virus. He reasoned that since the 

herpes simplex virus was a DNA-containing virus, compounds which inhibited the 

synthesis of DNA or were incorporated into DNA might be efficacious in the 

therapy of herpes keratitis. 

Kaufman did indeed find that instillation of a solution of IdUrd into the 

conjunctival sac of the herpesvirus infected rabbit eye would result in a cure 

of experimental herpes keratitis in rabbits. The antiviral activity of IdUrd 

in rabbits was confirmed by Perkins et al. (69). Of great importance, thanks 

to the liberal goverxunental regulations that existed at that time, was the de

mvnstration by Kaufman that this analog of thymidine, when applied topically, 

produced clinical cures in man suffering from herpes keratitis, which is a ma

jor cause of blindness in the United States (70-72). This finding by Kaufman 

and co-workers (70-72) that a drug can attack successfully an established vi

rus infection in man and produce a cure represent.s a milestone in antiviral 

chemotherapy. 

The ability to cure herpetic keratitis in man without concomitant syste

mic toxicity is related to the following factors : 
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(a) One can obtain a high concentration of IdUrd in the infected cell by ap

plication of a solution or oint~ent directly to the eye. 

(b) If absorbed into the blood stream, IdLrd is rapidly cleaved by phosphoro

lysis to 5-iodoUI&cil, an innocuous substance. The extremely rapid rate of 

degradation of IdUrd in man had been previously established by Calabresi 

et al. (73). 

(c) Infection with herpes simplex virus results in a marked increase in viral 

encoded thymidine kinase. Normal rE:sting cells have a very low cellular 

thymidine kinase activity. Hence, during the relatively brief period of 

time, that the solutio!! of IdUrd is in the conjunctival sac, it is trans-

pvrted into both the viral infected and uninfected cell. However, it is 

trapped in the infected cell by phosphorylation to the monophosphate 

(:!:dUMP) by thymidine kinase, is subsequently phosphorylated to the tri

phosphate (ldUTP) and then incorporated into the viral DNA. There is a di

rect relation between the incorporation of IdUrd into the herpesvirus DNA 

and loss of infectivity (74). 

The consequence of incorporation vf IdUrd into the herpes simplex virus 

DNA has a profound effect on subsequent RNA and protein synthesis (is··77). The 

biological and physical consequences of incorporation of idoxuridine and other 

halogenated uracil derivatives into ~lian and viral DNA have been reviewed 

by Prusoff ~ al. (78 and references cited thereill). Among the physical conse

quences of incorporation of idoxuridine into viral DNA are (a) increased den

sity, (b) increased lability to stress, (c) increased stucking energy, Cd) in

cre .. sed temperature of helix-coil transition, (e) increased binding of pro

teins, (f) slight increased pH required for separation of DNA strands, and (g) 

increased sensitivity to X-ray and UV-radiations. Among the biological effects 

are (a) increased rate of lliutation, (b) inhibition of the formation of pcly

adenylated RNA, (c) inhibition of the formation of specific proteins, (d) a 

small increase in the formation of herpesvirus encoded thymidine kinase, (e) 

::'r.hibition of cellular and viral replication, (f) inhibition of the expression 

of differentiated cellular or viral functions (79-81) and (g) virus induction. 

IdUrd camiot be administered systemically for therapy of viral infec

tions. Calabresi et al. (73) have shown that the systemic administration of 

IdUrd to man may produce toxic:.ties such as bone mall:o~] depression, stomatitis 

and alopecia which are dose-dependent. Unfortunately, the investigators (82) 

involved in the evaluation of systemic IdUn! for therapy of herpes encephali

tis were apparently not awale of the report of Cala1resi et al. (73). Hence, 
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the toxicitioos reportee! ellrIier by Calabresi and co-workers (73) were confir

med by the Cooperative Study Group (82). 

Although IdUrd is approved in the United States only for the therapy of 

herpetic keratjtis, it has been usad for therapy of other viral infections. At 

present, the use of idoxuridine for therapy of herpetic keratitis is being re

placed by trifluridina and vidarabine in the United States, and in addition 

acyclovir is in clinical trial in Great Britain for therapy of this viral in

fection. Presumably acyclovir will also be approved for therapy of herpetic 

keratitj£ in the United States. Jucl-Jensen (83,84) has reveiwed the clinical 

utility of IdUrd and, in addition to the therapy of herpes keratitis, benefi

cial results have been reported in the therapy of herpetic whitlow, geldtal 

herpes, herpes zcster, vaccinia lesions and vaccinia whitlow when a concentra

ted solution of th:fs drug in dimethyl sulfoxide (DMSO) is used. 

At present there are a total of 6 antiviral compounds (Fig. 1) which have 

been approved by the FDA in the United Stutes for clinical use. 
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Fig. 1. Structures of FDA-approved antiviral agents. 
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These compounds and their year of approval are as follows 

1. 5-Iodo-2' -deoxyuridiliC (Idoxurid1.ne; IdUrd) : 1962. 

2. 5-Trifluoromethyl-2' -deoxyuridine (T1'ifluridine, CF 3 -dUrd; TFT) 1964. 

3. Amantadine (Symmetrel) : 1966. 

4. 9-a-D-Arabinofuranosyl)adenine (Vidarabine, ara-A) : 1972. 

5. 9-(2-Hyciroxyethoxymethyl)guanille (Acyclovir, ACV) : 1982. 

6. 1-f\-D-Ribofuranosyl-1,2,4-triazole-3-carboxamide (Virazole, Ribavirin) 

1985. 

In summary we have discussed how the prilllordial origins of nucleic acids, 

the discovery of their importance in replication, and the directed synthesis 

of analogs of purines and pyrimidines for interference with the formation or 

function of viral nucleic acids. Although, the number of available antiviral 

drugs are few as of today, the expectation in the near future for the develop-

ment of more potent and non-toxic agents is very encouraging. 
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THE TREATMENT OF HERPETIC EYE INFECTIONS WITH TRIFLURIDINE AND OTHER ANTI
VIRALS* 

H.E. KAUFMAN 
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ABSTRACT 

In the treatment of epithelial herpes, trifluridine seems approximately as 

effective as any of the thymidine kinase selective drugs, such as acyclovir and 

bromovinyldeoxyuridine. The toxicity of trifluridine might seem to be avoid

able by the use of truly thymidine kinase selective agents. In fact, perhaps 

because treatment is of such short duration, there is no good evidence to date 

that the thymidine kinase selective agents are less toxic for topical use than 

trifluridine. At this time, the treatment of choice for disciform edema is 

long-term cort i costeroid therapy to reduce infl ammat i on and prevent neovas

cularization and scarring, with concurrent antiviral coverage (trifluridine) to 

antagoni ze the cort icosteroi d effect and mi nimi ze the severi ty of epithe 1 i a 1 

recurrences. During long-term treatment combined with corticosteroids, tri

fluridine is usually used only two or at most three times a day, and toxicity 

is rarely seen with this reduced frequency. 

Trifluridine is not effective in the treatment of clinical cases of deep 

stromal disease or iritis, although it appears to have some effect in experi

mental animal models. To date, there is no good evidence that either acyclovir 

or other antiviral drugs are effective in treating these syndromes in man in 

the absence of cort icosteroi d treatment. The potential problem of creating 

widespread drug resistant virus strains seems to outweigh potential advantages 

that mayor may not accrue from the use of these thymidine kinase selective 

agents. 

INTRODUCTION 

It is es t i mated th at there are approx i mate 1 y 500,000 cases of herpes 

simplex keratitis in the United States each year. Herpes keratitis is a very 

*Supported in part by PHS grants EY02672, EY02389, and EY02377 from the Nation
al Eye Institute, National Institutes of Health, Bethesda, Maryland. 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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significant cause of morbidity, and with the damage caused by recurrent dis

ease, a major cause of blindness. In terms of human disease and misery, it is 

the most common specific corneal infection encountered in ophthalmology, and 

was the first human disease shown to be treatable by antiviral agents (1). 

PATHOGENESIS OF OCULAR HERPETIC DISEASE 

One of the problems in treating herpetic keratitis is understanding the 

pathogenesis of the multiple manifestations of disease, particularly in rela

tion to the presence or absence of actively multiplying virus in the various 

anatomically distinct layers of the cornea (Fig. 1). Much work in this area 

has been accompli shed in animal models. Some of the advantages of studyi ng 

herpes simplex keratitis in an animal model include the fact that the animal 

disease mimics the human disease in some of its stages, the lesions are easily 

observed and quantitated, and the availability of two eyes per animal offers 

the potential for unique controls and observations. 

~~~/ Epithelium 

-----------------

- Stroma 

Layer 

Fig. 1. Diagramatic repre
sentation of the cornea. 
The anterior surface is 
made up of several layers 
of ep ithe 1 i a 1 ce 11 s . The 
central stroma contains 
few cells (keratocytes). 
The innermost layer is the 
endothelium. 

~illi~I'!!lw.!ijii_t:Descemet 's Membrane 

Endothelium 
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Fig. 2. Dendritic keratitis is the 
most common form of herpetic corneal 
infection. The ulcer is confined to 
the epithelial layers of the cornea, 
and the typical tree-shaped lesion 
is pathognomon i c for herpesv i rus 
infect ion. 

Epithelial keratitis. 

Fig. 3. As a dendrite progresses, 
the lesion can remain in the epithe
lial layers and assume a geographic 
pattern, or progress to the deeper 
layers of the stroma, where necrosis 
takes the form of a dense white cor
neal infi ltrate. 

Whether the epithelial disease is primary or secondary, the typical 
branching dendritic ulcer that forms on the surface of the cornea is caused by 

multiplying virus (Fig. 2). Virus is easily cultured, and is seen in the cells 

with fluorescent antibody techniques. 
Necrotizing stromal disease. 

Necrotizing stromal disease (Fig. 3) is more obscure in its pathogenesis. 

There is good reason to bel ieve that a significant amount of the stromal necro

sis, if not most of it, is caused by a hypersensitivity reaction to the virus 
and viral products, and the relative importance of virus multiplication and 
hypersensitivity remains undetermined. For this reason, laboratory models that 

emphasize rapid virus multiplication and its treatment may not be relevant to 

the human disease. Although models of epithelial keratitis have been shown to 
be extremely predictive in the treatment of human infection, this has not been 

the case for necrotizing stromal disease or iritis. 
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Keratic 
Precipita tes 

Fig. 4. Disciform keratitis is a disc shaped area of edema, usually in the 
central cornea, which is surrounded by normal appearing, clear cornea. The 
cornea swells posteriorly, causing wrinkling in Descemet's membrane. Often 
there are inflammatory cells adherent to the endothelial surface (keratic 
precipitates). 

Disciform edema. 

Disciform edema of the cornea (Fig. 4) is a round patch of edema typically 

occurring after the epithelial herptic infection has resolved, and appears to 

be almost entirely the result of some hypersensitivity phenomenon (2,3). 

Whether this is a typical delayed hypersensitivity or some toxic phenomenon 

caused by antigen-antibody complexes in the anterior chamber is unclear. It is 

clear, however, that topical corticosteroids can amel iorate the symptoms of 

this disease (4,5). Although the corticosteroids do not actually provide a 

cure, they do suppress inflammation, which seems to reduce scarring and vascu

larization, and with it, the permanent damage that can follow. If the cortico

steroids are continued for a period of three months or more, they can usually 

be withdrawn with no recurrence of the di scomfort and b 1 i ndness due to the 

distortions and fogginess of corneal edema from disciform herpes. Because 

corticosteroids may exacerbate epithelial herpes and cause recurrent epithelial 

ulcers, I originally recommended treating disciform edema with corticosteroids 

and an antiviral. Unfortunately, to this day, this remains the treatment of 

choice. However, specific antiviral agents alone have not been shown to be 

beneficial in this syndrome. 



29 

Metaherpetic keratitis. 
Metaherpetic keratitis is a condition in which epithelial ulcers occur 

over damaged basement membrane or necrotic patches of stroma. This is a prob
lem of previous tissue damage, in that the epithelial cells of the cornea 
attach to the basement membrane by speci ali zed hemi desmosomes, and if these 
desmosomal attachments are damaged, adhesion between the epithel ium and the 
basement membrane is deficient. As a result, epithelial defects occur in the 
absence of multiplying virus (6). With this pathogenesis, antiviral drugs are 
not of value; in fact, frequent topical applications may be harmful. Therapy 
must be directed toward retaining the epithelial cells in place until they can 
form new desmosomal attachments to secreted basement membrane. If there is 
some question about whether virus is present, a therapeutic soft contact lens 
(7,8) may be placed on the surface of the eye to hold the epithelium in place, 
and still permit treatment with antiviral drugs. 
Herpes simplex virus (HSV) types 1 and 2. 

Further complicating the problem of therapy and its evaluation is the type 
of virus infection. Although most ocular virus infections are caused by HSV 
type I, type 2 virus has been cultured from the eye. Thus, there is a danger 
in using therapeutic agents that might be effective against type 1 but not 
against type 2. Also, we have shown that the shape, extent, and virulence of 
corneal infections are determined by the specific DNA composition of the strain 
or isolate of virus (9,10). Viral genetics determine the size and shape of the 
epithelial ulcer, as well as the tendency for viruses to recur and the frequen
cy of such recurrences, independent of immune factors (9-11). 

ANTIVIRAL DRUGS AND THEIR PROPERTIES 
Idoxuridine. 

I first utilized idoxuridine to treat herpetic keratitis in rabbits and 
man in 1962 (1,12), and ample studies have confirmed its effectiveness. 
Idoxuridine, however, is relatively insoluble, and in part because of this, is 
not as potent a viral inhibitor as some of the newer drugs. In addition, 
apparently because of the iodine moiety, the continued use of idoxuridine 
induces a degree of toxicity and allergy to the compound over time; although 
this is not common. it is frequent enough to be undesirable. The primary 
shortcoming of idoxuridine. however. is its lack of potency. 
Trifluridine. vidarabine. and acyclovir. 

Trifluridine was first synthesized by Heidelberger (13) as an anti-cancer 
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drug and introduced for the treatment of herpetic keratitis in 1964 (14). The 

superiority of this agent was shown in our (15) and other (16,17) subsequent 

studies. 

In general, although antimetabol ites have multiple mechanisms of action, 

all of them must be phosphorylated to the triphosphate to be optimally active. 

With trifluridine, vidarabine, and idoxuridine, both cellular and viral thymi

dine kinase can phosphorylate the drugs, and, therefore, these drugs can have 

some inhibitory effect on cellular multiplication. Although all of the anti

viral drugs have multiple sites of activity, and all of them may inhibit the 

action of the DNA polymerase to some extent, the five substituted uridines tend 

to be incorporated into DNA, providing a DNA that cannot replicate appropriate 

viral enzymes and proteins and does not reproduce properly. The drugs with 

abnormal sugars, such as the arabi nos i des and probably the acycl i c compounds, 

tend to interfere with the polymerase and to be chain terminators; thus the 

normal 3' -5' -deoxyribose-phosphate bonds that make up the sugar backbone of 

the DNA cannot form, and the sugar backbone is terminated or distorted after 

1 inking to one of these abnormal sugars. Multiple other sites of action are 

also possible. For example, trifluridine also inhibits the function of thymi

dylic synthetase and may reduce the size of the thymidine pool. 

Trifluridine and acyclovir have been shown to penetrate the eye and appear 

in the aqueous, in both rabbits and man. Especially in patients with corneas 

damaged from herpes, significant amounts of both drugs have been found in 

the aqueous and the stroma (18,19). When multiplication of virus is induced in 

the stroma in the rabbit model, drug penetration can produce a reduction in 

iritis and prevent stromal disease, but penetration into the stroma and aqueous 

has not been shown to be of value in the treatment of human disease to date, 

perhaps because virus multiplication is not rapid, and hypersensitivity is a 

major component of the clinical disease. 

Treatment of epithelial keratitis. 

In experimental herpes simplex keratitis, idoxuridine can be shown to be 

active; animals treated with idoxuridine heal more rapidly than untreated con

trols. Vidarabine treatment has approximately the same results as treatment 

with idoxuridine in terms of efficacy, perhaps in part because vidarabine is 

also relatively insoluble and must be administered in ointment form. Solubili

ty limits the effectiveness of both idoxuridine and vidarabine. Trifluridine 

and acyclovir are more active than idoxuridine; trifluridine, acyclovir, and 

bromovinyldeoxyuridine are all approximately equally effective in the treatment 
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of experimental herpetic keratitis (20). 

In man, it is clear that trifluridine is significantly better than idoxuri

dine in the treatment of epithelial keratitis. In most studies (15-17,21), 

approximately 97% of patients with epithel i al herpes treated with trifluridine 

are cured within two weeks, compared with 76.5% treated with idoxuridine and 

86% treated with vidarabine (Table 1). It is clear, then, that trifluridine 

and acyclovir are a generation ahead of the earl ier antivirals in terms of the 

treatment of epithelial herpes. 

Toxicity. There is an overwhelming temptation to assume automatically 

that drugs that are more selective in inhibiting cellular metabolism will be 

less toxic in the treatment of human disease. To date, there is no evidence 

that this is correct for the topical treatment of herpes. Vidarabine, for 

example, can be shown in some experimental studies to have less inhibitory 

effect on corneal epithelial cells. In the studies done by Parke-Davis (22), 

however, which were randomized, double-blind controlled studies comparing 

vidarabine with idoxuridine, no significant reduction in toxicity was observed 

with vidarabine. Long-term toxicity and allergies were not measured in the 

study, but significant short-term toxicity of vidarabine was documented. 

Similarly, in controlled studies comparing acyclovir with idoxuridine, acyclo

vir did not cause less epithelial toxicity. There have been no adequately 

Table 1. Summary of historically controlled* cl inical tri al experience with 
trifluridine 

Mean days 
Study Healed/treated % Healed to heal 

McGill et al., 1974 24/24 100.0 7.1 
Laibson et al, 1977 12/12 100.0 6.0 
Pavan-Langston and Foster, 1977 13/15 86.6 6.3 
Unpublished data, Burroughs 

Wellcome Co., USA 63/77 82.0 

*Open, unmasked evaluation of trifluridine in patients unresponsive to avail
able forms of antiviral chemotherapy. 

Reprinted with permission frorn: Heidelberger, C. and King, D.H. Pharmacol. 
Ther. 6:427-442, 1979. 
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Table 2. Adverse experiences related to therapy 

Adverse experiences 

Superficial punctate keratopathy* 
Burning or stinging 
Punctal occlusion 
Follicular conjunctivitis 
Lid edema 

Acyclovir 
( N 30) 

TOT PCT 

3 
1 
1 
o 
o 

11.1 
3.3 
3.3 
0.0 
0.0 

Idoxuridine 
(N = 34) 

TOT PCT 

14 
1 
o 
1 
1 

42.4 
2.9 
0.0 
2.9 
2.9 

Reprinted with permission from: McCulley, J.P., Binder, P.S., Kaufman, H.E., 
O'Day, D.M. and Poirier, R.H. Ophthalmology 89:1195-1200, 1982. 

controlled, randomized, double-blind studies of the other thymidine kinase 
selective agents, such as bromovinyldeoxyuridine, to determine their epithelial 
toxicity during the actual treatment of patients. On the basis of previous 

studies with acyclovir and idoxuridine (Table 2), there is no reason to assume 
that these agents will be any less toxic than other antivirals (23). 
Treatment of geographic ulcers. 

As an infected ulcer becomes larger, it may lose the shape of a branching 
tree and assume an irregul ar geographi c shape. These geographi c ul cers have 
not only the problem of rapid virus multiplication, but also the problem of 
epithelial healing over a much larger area, with a possibly damaged basement 
membrane. This means that the clinical response requires not only the elimina
tion of the multiplying virus, but also healing on the part of the host, which 
is more variable and less predictable than the eradication of the virus by 
antiviral therapy. In this form of ocular herpes, also, trifluridine is signi
ficantly better than idoxuridine or vidarabine, and comparable to acyclovir in 

efficacy. 
Treatment of necrotizing stromal keratitis. 

In the rabbit model, trifluridine, acyclovir, and other compounds have 
been shown to prevent the development of necrot i zing stromal kerat it i s when 
given relatively soon after the injection of l.ive virus into the stroma 
(24,25). When live virus is injected into the anterior chamber, a severe 
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iritis supervenes, and these drugs can be shown to have a beneficial effect in 

aborting and minimizing the iritis (26). In experimental keratitis, these 

effects are clear cut and beyond dispute. 

Unfortunately, however, the experimental data have not been transferable 

to the treatment of human stromal keratitis and iritis. Although in some cases 

of stromal keratitis, viral particles have been seen in the stroma (27-29), the 

amount of visible virus was small, and in mary specimens, no virus at all was 

seen. Stromal disease has been mimicked to some extent by the injection of 

antigen into the stroma. It is likely that even if virus multiplication takes 

place, the rate of multiplication may be very slow, and hypersensitivity com

ponents may be so overwhelming, that antiviral drugs may not be effective in 

treating this syndrome. The possibility that the human disease and the experi

mental disease differ is very great, in part because experimental mimicry of 

the human disease can be obtained by either rapid viral multiplication or 

hypersensitivity phenomena, and the mechanism predominant in man is unknown. 

Human stromal keratitis. Good, controlled, double-blind studies have not 

been done on the treatment of stromal keratitis in man. However, there is a 

significant backlog of clinical experience. There is general agreement that 

our early observations suggesting that idoxuridine is ineffective in treating 

stromal keratitis are correct. This drug is not a primary therapeutic agent 

for this syndome, despite the fact that it effectively treats epithelial 

disease. Vidarabine also seems ineffective, and the more soluble congener, 

aden i ne arab i nos.i de monophosphate (Ara-AMP), appears to be too tox i c for topi

cal administration. 

There is, at present, no evidence that trifluridine, acyclovir, or any 

other drug,is effective in treating deep stromal keratitis in man, ~though 

some of these drugs do show some effect in animals. In fact, in the initial 

studies on topical treatment of dendritic keratitis with acyclovir, a small but 

significant number of patients in the acyclovir-treated group (17.4%) developed 

stromal keratitis, compared with 29.4% in the idoxuridine-treated group (23). 

It seemes clear, therefore, that acyclovir does not prevent the development of 

stromal keratitis even when given during the treatment of acute dendritic 

disease. In addition, in an uncontrolled non-randomized study done by our 

group, oral and topical acyclovir were given to a series of patients with 

stromal keratitis, but did not appear to benefit the disease to a greater 

extent than topical trifluridine alone (27). The literature on the treatment 

of stromal disease is muddled, however. The experimental keratitis definitely 
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does respond to antiviral therapy. Furthermore, the addition of even a small 

amount of corticosteroids appears to dramatically benefit the stromal disease. 

It may be that the healing of the superficial epithelial ulcer causes an appar

ent benefit to the stroma without having a direct effect on the underlying 

disease. The more potent ant i vi ra 1 agents help the epi the 1 i urn to heal, and 

they make the use of corticosteroids somewhat safer, but there is no reason to 

be 1 i eve, at thi s time, that they have a direct effect on necrot i zing stromal 

keratitis and the iritis apart from this. 

Treatment of disciform edema. 

Disciform edema is best treated with corticosteroids, but the tendency of 

the corticosteroids to reactivate epithelial herpes and cause active ulcers 

must be counteracted by an antiviral drug. Trif1uridine appears to be compar

able to acyclovir and bromoviny1deoxyuridine and superior to the other anti

vira1s in antagonizing the corticosteroid effect. The antiviral agents, al

though not primary therapeutic agents, have made the treatment of this pro

longed and debilitating syndrome clinically feasible. 

Treatment of recurrent disease. 

In a prospective study (30), the rate of recurrence of epithelial herpes 

was 24.5% within 12 months for patients who had at least two previous recur

rences. Age and sex had no effect on the recurrence rate. However, it appear

ed that the shorter the time between the two previous recurrences, the shorter 

the time to the next recurrence. At present, there is no known way to prevent 

recurrences of ocular herpes. 

In between active attacks, the herpesvirus appears to become latent in the 

neural ganglia. It is clear that none of the available antiviral agents, 

whether given topically or systemically, can eliminate virus from the ganglion. 

Furthermore, there is no good evidence that any of these agents alters the 

incidence of recurrences after the drug is stopped, no matter how it was admin

istered or for how long a time. 

There is no question that in patients with genital herpes (31,32) and 

other kinds of herpes simplex infections (33), the administration of oral 

acyclovir can prevent recurrences, as long as adequate doses of the drug are 

continually administered. This has not been shown to be the case for ocular 

disease. One of our experimental studies in rabbits utilizing both oral 

acyclovir and oral bromoviny1deoxyuridine showed no significant differences in 

recurrence rates during the administration of these drugs (34). Rabbits, how

ever, metabolize these drugs somewhat differently than man. Even though the 
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serum 1 eve 1 s appeared to be adequate in these stud i es, further i nves t i gat i on 

seems justified, since in other experimental studies (35), some effect of 

continued administration on virus shedding in the rabbit eye has been 

demonstrated. 

In man, the continual topical administration of trifluridine does not 

prevent the appearance of epithelial ulcers on the cornea during recurrences, 

although lesions that appear during antiviral treatment are very small and 

disappear quickly. 

Drug resistance. 

Resistance to antiviral drugs in a clinical setting appears to take dif

ferent forms: retarded healing, true drug resistance, and thymidine kinase 

selectivity. Retarded healing involves tissue that has been ravaged by pre

vious virus infection. In such cases, healing may be so slow because of the 

extensive damage that the disease appears to be resistant, although viral mul

tiplication has halted. 

True drug resistance to all antiviral drugs certainly has been observed. 

However, it is extremely rare with trifluridine, and trifluridine is generally 

effective against virus that is resistant to other antivirals, including 

v i dar ab i ne and i doxuri di ne. In a decade of observ at i on, there have been on 1 y 

three trifluridine-resistant strains isolated clinically. 

The thymidine kinase selective drugs, i.e., acyclovir and bromovinyldeoxy

uridine, tend to show cross resistance. There are, in general, three mechan

isms for this resistance: 1) In any population of viruses, a certain proportion 

are thymidine kinase negative. Since drugs like acyclovir and bromovinyldeoxy

uridine depend on viral thymidine kinase for their activation, and are not 

phosphorylated by cellular thymidine kinase, the loss of thymidine kinase makes 

the virus drug resistant. Most of the thymidine kinase negative mutants appear 

to be less virulent, and there is at least some hope that this group of resis

tant viruses will not be a major clinical problem. 2) Mutation in the portion 

of the virus genome that specifies the viral thymidine kinase enzyme may make 

the enzyme more selective. The drug is not phosphorylated, but sufficient 

thymidine kinase activity remains to foster viral growth. Some of these 

isolates appear to be significantly more virulent, and the importance of this 

as a clinical problem is more worrisome, although as yet unclear. 3) Altera

tions in the DNA polymerase may alter the affinity of this enzyme for the tri

phosphates of the drug, and make the virus relatively more drug resistant. The 

clinical importance of this kind of mutation also remains unclear. 
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In the experimental setting, it is relatively easy to create resistance to 

the thymidine kinase selective antiviral agents, and virus cl inically resistant 
to acyclovir has also been seen (36-38). Although the magnitude of the clini
cal problem of drug resistance remains obscure, when a superficial lesion is to 
be treated, and when topical non-thymidine kinase selective agents are as 
effective and not significantly more toxic than the thymidine kinase selective 
agents, it is not clear whether the thymidine kinase selective agents should be 
used. 

Patient compliance. 

Patient compliance is a major problem with the topical treatment of viral 
infections. With idoxuridine, treatment was at first required every hour 
during the day and every two hours at night (12). Later, ointments simpl ified 

this regimen to some extent, but resulted in blurred vision and made the eye 
functionally blind during treatment. There is no question that compliance is 
better with drops, such as trifluridine, which do not blur vision. Also, tri
fluridine drops are given only 5-7 times a day for the short time required for 

the lesion to heal, and no medication is given at night. 

FOR THE FUTURE 
There is no clinical evidence that trifluridine or acyclovir 

are of value in ocular adenovirus infection or established herpes zoster infec
tion in the eye, although further studies are certainly indicated. Much work 

has been done on the combined use of various agents in an attempt to find syn
ergistic therapeutic effects and to decrease the threat of emergent resistant 
virus. It is clear that the addition of interferon to trifluridine (39-42) has 

some beneficial effects, and combinations of antiviral drugs (43,44) can 
increase efficacy with reduced dosages, but the clinical value of these combin
ations remains uncertain. It may be that drug combinations or combinations of 

the thymidine kinase selective drugs with either the unselective agents or in
terferon could be used to reduce the likelihood of the development of virus re

sistance while preserving effective therapeutic levels of antiviral activity. 
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TREATI1ENT (BROHOVINYLDEOXYURIDINE) OF HERPETIC EYE INFECTIONS 

11: 2 P.C. MAUDGAL and E. DE CLERCQ 

1Eye Research Laboratory, Ophthalmological Clinic and 2Rega Institute for Me
dical Research, Katholieke Universiteit Leuven, B-3000 Leuven, Belgium 

ABSTRACT 

One hundred and fifty-three patients with herpes simplex virus (HSV) ke

ratitis were treated with tCipical 0.1 % brOlllovinyldeoxyuridine (BVDU) eye

drops. All patients responded to BVDU treatment, including those who had been 

treated, albeit unsuccessfully, with other antivirals, i.e. idoxuridine, vi

d~rabine, trifluridine and/or Zovirax, till the time their treatment W&b swit

ched to BVDU. Seventy-six patients with dendritic keratitis l.ealed within all 

average time of 8.6 days upon BVDU therapy. Similarly, 35 patients with geo

graphic corneal ulcers healed within an average time of 11. 7 days, and 42 pa

tients with stromal keratitis healed within au average time of 30 days upon 

BVDU therapy. Except for local hypersensitivity reactior.s to BVDU eyedrops in 

a small number of patients, no other local or systemic toxic effects were ob

served. The follow-up period for all patients treated with BVDU has been at an 

average 52, 48.5 and 38.7 months for the three groups, and in all three groups 

the number cf recurrences after BVDU treatment appeared to be reduced as com

pared to the number of recurrences before BVDU treatment. 

f.r:. l'.dditional 15 patientfJ with ophthalmic herpeE zoster were treated with 

oral Bveu capsules at 375 mg/day for 5 days, cODbined with topical 0.1 % B~~U 

eyedrc.ps. The skin eruption and the eye disease respouced briskly to this 

treatment. Routine blood and urine tests, as well as urea, creatinine, plate

lets, electrolytes and liver enzyme (SGPT, SGOT, yGT) estimations before, du

ring and after oral BVDU therapy did nct reveal ar:.y toxic side effects that 

could be attributed to the drug. 

rpresent address : Ophthalmology Department, Academic Rospite.l, Free Universi

ty, Postbox 7057, 1007 MB Amsterdam, The Netherlands 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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INTRODUCTION 

Bromovinyldeoxyuridine [(~)-5-·(2-bromovinyl)-2' -deoxyuridine, BVDUJ is a 

5-substituted analogue of 2 '-deoxythymidine (dThd) 0). It is structurally re--

1<1 ted to idoxuridine (5-j.o<10-2' -deoxyuridine, IDU) and trif :'uridine (5-tri

fluorometllyl-2' -deoxyuridine, Tl'T). However, in vitro BVDU is more pater t and 

selective in its activity against herpes simplex virus type 1 (HSV-l) than 

:eDU, TFT and several other antiviral compounds, 1. e. foscarnet (phosphonofor

mate), viderabine (9--p-D-arabinofuranosyladenine, ara-A, Vira--A), acyclovir 

[9- (2-hydroxyethoxymethyl) guanine, acyclogu<:rwsine, ACV, Zoviraxj (2-4). BVDU 

is also effective '"bainst varicella-zoster virus (VZV) (5,6), simian varicella 

virus (7), Epstein-I)",rr virus and various viruses of veterinary importance, 

i. e. suid herpesvirus type 1 and bovid herpesvirus type 1 (8). 

Very low concentrations (0.001-0.u1 ~,g/mL) of BVDU are required to inhi-

bit th" replication of HSV-1 (2-4) and VZV (5,6), whereas cytotoxicity is no

tee: only at a concentratior, of 50-100 jJg/mL. The hi!;h antiviral selectivity of 

BVDU is based upon a epecific phosphorylation in virus-infected cells by the 

HSV-1- and VZV-encoded thymjdine kinasEo (9,10). Once converted to its 5'-tri

phosphate form, RVDU inhihits viral DNA polymerases in a competitive fashion 

with regard to 2' -deoxythymidinc triphosphate (dTTP). BVDU 5' -triphosphate 

(IWDUTP) hEs a "reater affinity for ESV-1 DNA polymerase than for the cellular 

DNA polymerases ex, S c:rd y (J 1). BVDUTP also serves as an alternate substrate 

for the DNA polymerase on, which leads to its incorporation, as BVDU 5'-mo

nophosphat" (BVDUMP), into the viral DNA (3). The HSV-2-encoded dThd kinase 

does not phosphorylate BVDU as efUciently as does the HSV-1-encoded enzyme 

(10,14), which explains why the drug is less effective ag~_inst HSV-2. BVDU is 

not active agatnst dThd kinase-deficient (TK-) HSV mutants. 

In the treatment of herpetic eye infections BVDU is far superior to IDU 

in both suppressing the development ana promoting the healing of epithelial 

keratitis in rabbits, whether the drugs are applied as eyedrops or ointments 

(15,16). Similarly, wher. administered to rabbit eyes as 0.1 % or 0.5 % eye-

drops, BVDU exhibited a significantly greater inhibitory effect than 1 % TFT 

eyedrops on the development of HSV-1 stromal keratitis (17). As 0.5 % eye

drops, BVDU also promoted a significantly greater healing effect than 1 % TFT 

eyedrops on iritis and endothelitis produced by inoculation of the virus into 

the anterior chamber OB). These experiments su!;gest that BVDU must penetrate 

the cornea in therapeutically sufficient concentrations when applied topically 
125 

to the rabbit eye. In fact, upon topical administration of [ I~IVDU, a ra-
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diolabelled analogue of BVDU, drug concentrations found i.n the aqueous humor 

of normal rabbit eyes were 3- to 9-fold Idgher than those required to inhibit 

virus replication in cell cultures (19). 

Experimental data also indicate that BVDU is effective when givtoIl orally 

in the treatmtont of HSV-1 keratitis and iritis in rabbits. Upon oral admini

stration to rabbits at 10 mg/kg/day or 100 mg/ kg/day for 4 days, BVDU signi

iicently reduced the severity of iritis and keratitis, produced by inoculation 

of the virus in the anterior chamber (18). 

Our previous reports clearly indicated that BVDU may be a safe and effi-· 

cacious drug for the treatment of ocular HSV-l infections (20.21). In this re

port we descr:l.be our observatior,s over a longer follow-up period for a larger 

group of patients. 

DENDRITIC CORNEAL ULCERS 

Seventy-six plitients with dendritic kel.atitis were treated with 0.1 % 

BVDU eyedrops (Table 1). Patients wer'e advised to instill one drop of the drug 

9 times a day at I-hour intervals dUl.ing the day only. Of these 76 patients. 

1.4 had received other antivirals. i.e. IDU, TFT, Vira-A or Zovirax, albele un

successfully, for at least 10 days before BVDU treatment was started. Associa

ted stromal keratitis was present in 56 patients at the start of BVDU therapy. 

Thirty-one patients had been treated with topical corticosteroids together 

with the antiviral drugs. Two patients were on oral corticosteroid treatment 

after a kidney transplantation. Topical corticosteroids were discontinued in 

all patients when BVDU treatment was initiated. However. topical corticoste

roids had to be reinstituted in 14 patients, as stromal keratitis worsened 

Table 1. Topical BVDU treatment in patients with dendritic ulcers 

Treatment regimen: BVDU 0.1 % eyedrops 5-9 x per day, up to 3 weeks 
Number of patients: 76 
Follow-up period: 52 months (4-80 months) 
Number of patients with clinical resistance to IDU, TFT, Vira-A and/or Zovi

rax: 44 
Average duration of symptoms before BVDU therapy: 

<1 month 56 patients 
1 month-l year: 18 patients 

>1 year 2 patients 
Average healing time upon BVDU therapy: 8.6 days 
Recurrences before BVDU treatment: 34 patients (44.7 %) 
Recurrences after BVDU treatment: 21 patients (27.6 %) 
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despite healing of the dendritic keratitis. These cort:tcosteroid-dependent PL~'

tients responded very well to comhined BVDU and corticosteroid treatment. 

Before BVDU eyedrops were prescribed, the tiuration of acute keratitis was 

one month or less (average : 10.2 ~ays) in 56 patients, more than one month 

but less than cne year (average : 2.9 mOIlths) in 18 patients, anti two patients 

had an history of progressively worsening keratitis for more than 1 year (ave

rage : 1.5 years), without being free of symptoms at any time. All patients 

healed ,vithin an average time of 8.6 days upon BVDL therapy. Those patients 

that had not responded to IDU, TFT and/or Zovirax responded promptly to BVDU 

treatment. SimilC'.rly, in those patients in whom we had to reinbti.tute topical 

corticobteroids the stromal disease became quiescent rapidly after combined 

BVDD ar.d corticosteroid therapy was initiated. However, 10 of these patients 

remained cort.icosteroid-dependent. III these patients corticosteroids could be 

gratiually tapered off while under BVDU cover. Other complications observed in 

this group were bullous keratopathy in 2 patients, dry eye in 4 patients, lo

wer canaliculitis in 2 patients, and local hypersensitivity to topical BVDU 

eyedrops in 1 patient. 

All patients have been followed for an average time of 52 months (4 to 80 

months). Dendritic keratitis recurred in 21 patients (27.6 ;;) after BVD1' 

treatment, whereas 34 patients (44.7 %) had had recurrences before BVDU treat

ment. Patients with recurrences responded effectively to BVDU treatment. 

GEOGRAPHIC CORNEAL ULCERS 

Thirty-five patients who presented with geographic corneal ulcers and as

sociated stromal keratitis were treated ,"rith 0.1 % BVDU eyedrops (Table 2). 

Keratic precipitates were present in 18 eyes. TwentY-SiX patients had been 

treated, albeit unsuccessfully, with other antiviral drugs, e.g. IDU, TFT, Vi

ra-A and/or Zovirax, when they were swit~hed to BVDU treatment. Twenty-one pa

tients had also been tre&ted with topical corticosteroids. Corticosteroid the

rapy was discontinued in all patients, but had to be reinstituted in 16 pa

tients as their stromal inflammation worsened. The duration of symptoms was 

less than 1 month in 20 patients, and more than 1 month in 15 patients at the 

time BVDU treatment was started. The patients healed within an average time of 

11.7 days upon BVDU therapy. However, 14 patients became corticosteroid-depen

dent, 3 patients developed bullous keratopathy, 2 patients developed aseptic 

epithelium defects, and dry eye ~]a~ observed in 8 patients. Contact allergy to 

BVDU eyedrops was noted in 4 patients. 
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Table 2. Topical BVDU treatment in patients with geographic corneal ulcers 

Treatment regimen: BVDU 0.1 % eyeGrops 5-9 x per day, up to 7 weeks 
Number of patients: 35 
Follow-up period: 4&.5 months (3.5-78 months) 
Number of patients with clinical resistance to IDU, TFT, Ara-A c.nd/or Zovirax: 

26 
Average duration of symptoms before BVDU therapy: 

<1 month: 20 patients 
>1 month: 15 patients 

Average healing time upon BVDU therapy: 11.7 days 
Recurrences before BVDU treatment: 25 patients (71.4 1) 
Recurrence£; after BVDU treatment: 16 patients (45.7 %) 

The patients have been followed for e.n average period of 4&.5 months (3.5 

to 78 months). During this period dendritic, geographic or stromal keratitis 

recurred in 16 patients (45.7 %), whereas 25 patients (71.4 %) had had recur-

rences before BVDU treatment. 

STROMAL KERATITIS 

Forty-two patients who presented with stromal keratitis, without any as

sociated epithelial ulceration, were treated with 0.1 % BVDU eyedrops (Table 

3). Thirty-two patients had been treated, albeit unsuccessfully, with IDU, TFT 

and/or Zovirax. Thirty-four patients had also been treated with topical corti

costeroids. Wher, bVDU therapy was inste.iled, corticosteroid treatment was dis

continued. Upon BVDU treatment, stromal keratitis healed in 13 patients in the 

absence of corticosteroid administration. In the other patients topical corti

costeroid therapy had to be rE'ilistitutecl, as the stromal disease either did 

not improve or worsened. Nineteen patients became corticosteroid-dependelit. 

Five patients developed a dry eye, and 2 patients showed local hypersensitivi

ty to BVDU eyedrops. In one patient severe iritis developed one week after the 

stromal disease hac healed and BVDU treatment was stopped. The iritis was 

again treated successfully with topical BVDU eyedrops, combined with corticos

teroids and mydriatics. The duratior. of symptoms before BVDU treatment was 

less than 1 month in 11 p"tients, between 1 month and 1 year in 25 patients, 

and more than one year in 6 patients. Under topical BVDU therapy stromal di

sease became quiescent in all eyes within an average tiwe of 30 days. 

During the follow-up period (average: 38.7 months) of 6.5 to 78 months, 

18 patients (42.8 %) developed a recurreIlce of herpetic keratitis, while the 
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Table 3. Topico.l BVDU treatment in patients with stromal keratitis 

TreatJ:'.ent regimen: BVDU 0.1 ;; eyedrops 5-9 x per day, up to 6 months 
Number of patients: 42 
Follo,,'-up per::t,d: ':'8.7 months (6.5-711 ~enths) 
Number of pc:tients with clinical l-esistance to IDU, TFl' <lILd/or Zovirax: 32 
Average duration of symptoms before BvvU therapy: 

<1 month 11 patients 
1 month-l yeur: 25 patients 

>1 year G patients 
Average healing time upor. BVDU therapy: 30 days 
Recnrrences belere BVDU treatment: 3L patients (76 %) 
Recnrn;nces after BVDU treatDent: 18 patients (42.S %) 

nUJ::uer of patj ents in this group who had experieI!ced recurrences before EVDU 

Lherapy was 32 (76 h). 

OPHTHAU'llC HERPES ZOSTER 

Fifteet'. patients WiLh ophthalmic herpes zoster involving both th" skin 

and eye were treated with oral BVLl' at 375 mg/kg/day for 5 riGYs, combined with 

topical 0.1 % EVDU eyedrops. Skin lesivns consisted of papules, vesicles, bul

lae 1Nit h or without hemorrh&ge, necrotic bullae, und, occasionally, crust for

mation on the scalp, forehead, nose, cheek and the temporal and periorbital 

regions. Ocular lesions consisted of blepharitis, conjunctivitiE" punctate ke

r[ttitis or corneal ulcers, stromal edema or inflltIation, aqueous flare ana/or 

keratic precipit&tes, total ophthalmoplegia and ptosis. 

All patients were hospitalized and BVDU 125 mg capsules were administered 

at S-hour intervals (375 mg/cay) for 5 days. Routine blood and urine tests as 

well as urea, creatinine, platelets, electrolytes and liver enzyn:" (SGPT, 

SGOT, yGT) evaluations were dor.e before, during and after BVDU therapy. 

Combined oral ana topical BVDU treatment caused a prompt resolution of 

the skin lesions anG ccular inflammation. however, topical corticosteroids had 

to be administered as corne.,l edema developed subsequently to endothelial aa

mage. Further detai.ls on the response of the ophthalmic zoster patients to 

BVDU are preser.ted in Table 4. Urine and blood tests did not reveal any abnor

mality that could be attributed to the drug. 

Stromal keratitis and internal rectus palsy developed, apparently as the 

consequence of & recurrent VZV infection, in one patient 20 days after BVDU 

treatment was stopped. This recurrence completely resolved within one month 

upon topical 2.dministration of 0.5 % BVDU eyedrops and corticosteroids. 
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Table 4. Oral BVDU treatment of patients with ophthaloic zoster 

Treatment regimer.: oral BVDU ~t 375 mg/day for 5 days, combined with BVDU 0.1 
% eyedrops 

Number of patiellts: 15 
Average duration of symptoms before BVDU therapy: 5.6 days 
Average healing time upon BVDU the:repy: 

- cessation of new lesion formation: within 1-2 days 
- crust formation of skin lesions: within 2-3 days 
- complete healing of skin lesions: within 6-12 days 
- resolution of ke:ratit:l.s: within 6-12 days 
- resolution of conjunctivitis: within 8-20 days 

Duration of neuralgia on BVDU therapy: variable (2 days-4 weeks) 

DISCUSSION 

Two years ago, we reported on the long-term follow-up of 125 patients 

with liSV keratitis who had beEn treated with 0.1 % BVDU topical eyedrops (22). 

This study has now been extended to a total ot 153 patients : 76 patients have 

been followed for an average period of 52 months (dendritic ulcers), 35 pa

tients for an average period of 48.5 months (geographic ulcers), and 42 pa

tients for an average period of 38.7 months (stromal keratitis). Those pa

tients who were lost to follow-up were excluded from this study. The prolonged 

follow-up of 153 patients confirms the efficacy and safety of topical 0.1 % 

BVDU eyedrops in the treatment of dendritic, geographic and stromal HSV kera

titis. Without any exception all patients responded to topical BVDU treatment, 

itlcluding those patients who had failed to respond to other antivirals, 1. e. 

IDU, TFT, Ara-A and Zovirax (Table 5). 

To be effective in the topical treatment of stromal disease and iritis, 

the antiviral drug should be able to penetrate the cornea in a therapeutically 

sufficient concentration. TFT penetrates the diseased cornea (23), and is ef

fective in the treatment of experimental keratouveitis. Adequate penetration 

of topically applied Zovirax, through intact cornea, has been reported (24). 

Yet, its efficacy in the treatment of stromal disease is a ~Btter of conjec

ture (25-27). Our own clinial experience is in keeping with experimental data 

showing dat topically applied Zovirax has some beneficial effect all stromal 

disease, significantly inferior to that of TFT (28). BVDU shows excellent cor

neal penetration (19) and c~n therefore be envisaged for the topical treatment 

of stro~l keratitis and iritis. However, treatment of stromal disease may re

quire concomitant use of topical corticosteroids (29-31), because of the im-
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Table 5. Analysis of data on patients clinically resistant to other antiviral 
drugs 

Keratitis 
(No. of 

patients) 

IJendritic 
ulcers 

(44) 

Geographic 
ulcers 

(26) 

StrolWll 
keratitis 

(32) 

Antiviral 
agent 

used before 
BVDU 

treatment 

InUr 
TFTr 
Vira-Ar 
Zoviraxr 

IDUr 
TFTr 
Ara-p.r 
Zoviraxr 

IDUr 
TFTr 
Zoviraxr 

No. of patients 

26 
18 (5 also IDUr ) 

1 (also IDUr ) 
11 (6 also TFTr) 

15 
13 (3 also InUr ) 
3 (also IDUr ) 
7 (1 also TFTr) 

18 
9 (5 also IDUr ) 

12 (2 also TFl'r) 

Note: superscript r means clinical resistance co the drug indicated. 

Average 
healing 

time upon 
bVDU 

therapy 
(days) 

9.2 
7.4 
5 
6.8 

10.3 
10.9 
11.3 
8.7 

30 
35.4 
26.7 

mune reaction initiated by the HSV antigens. In the present study, 49 ~&tients 

with dendritic keratitis had associated stromal disease ar,c 31 of them were 

using topical corticosteroids along with other antivirals. Upon BVDU treatment 

we had to reinstall topical corticosteroids only in 14 patients and 10 of theru 

became corticosteroid-dependent. Sioilarly. in the geographic keratitis group 

all 35 patients had SOllie degree of stromal disease. and 21 of them also recei

yea topical corticosteroids before BVDU therapy was started. We had to rein

stitute topical corticosteroids in only 16 patients. All other patients healed 

on BVDU eyedrops alone. In the stromal keratitis group. again 13 of a total of 

42 patients healed upon BVDU treatment in the aLsence of corticosteroids. 

lOhile 19 patients shO\~ed corticosteroid-dependence. Those patiente in whom we 

had to reinstitute corticosteroids tOe,etlter with BVDU eyedrops had been trea

ted previously with topical corticosteroids in combination with InU. TFT. Vi

ra-A and/or Zovirax. albeit without any beneficial effect. They healed upon 

substitutiop. of BVDU treatment for either of the four other antiviral drugs. 

It is conceivable. therefore. that in these patients BVDU efficiently euppres

e(;d the virus replicative cycle in the corneal stroma and thereby prevel~ted 
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the release of virus-specific antigens that would otherwise have initiated or 

maintained the immunological inflammatory response (29-31). 

Upon orul treatment of herpes ZG~ter ophthalmicus with BVDU at 375 mg/day 

for 5 days, combined with topical 0.1 % E\~U eyedrops, progression of the di

sease was arrebted promptly. New lesions ceased to form within 1-2 days and 

existi.ng (skin) lesions subsided completely withi.n 6-li. days. An apparent re·

currence of VZV eye i.nfection ir: Ol,e patient ~!aS treated successfully with 0.5 

% BVDU eyedrol's combined with topical corticosteroids. Our results on oral 

BVDU treatment of ophthalmic zoster patients are in agreement with those ob

tained with BVDU in cancer patients with varicella zoster (32-34), and point 

to the great potential of BVDU in the systcmic treatment of VZV infections. 

Complications such as bullous keratopathy, aseptic epithelium defect and 

dry eye, as nuted in some HSV keratitis petients treated with BVDU, are known 

complications of the disease process itself. Except for local hypersensitivity 

reaction noted in 7 patients, no toxic side effects of BVDU eyedrops were ob

served. It is not clear whether this hypersensitivity is due to the drug or 

other substances present in the eyedlops. In the ophthalmic hcrpes zoster pa

tients treated with oral BVDU combined with topical BVDC no systemic or local 

side effects, which could be detected ei.ther clinically or through laboratory 

tests, were observed. 
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BACKGROUND 

Herpes simplex encephalitis, HSE, rema~ns the most common cause of 

sporadic fatal encephalitis in the Western World.(1-3) Since its 

recognition in 1941 as a cause of rapidly progressive and diffuse 

encephalitis in a four week old child which was fatal (4), hundreds of 

case reports have described various aspects of this disease in the 

literature. Likely, this first case report represented a child with 

neonatal herpes simplex virus, HSV, infection of the brain, an entity 

somewhat different than that which we designate as HSE of older children 

and adults where the infection is characterized by the focal hemorrhagic 

necrosis of the brain. Clinical presentation, diagnosis and outcome of 

patients with HSE had remained confusing until studies performed by the 

National Institute of Allergy and Infectious Diseases, NIAID, 

Collaborative Antiviral Study Group. Unequivocal diagnosis often has 

created both practical dilemmas (3,5,6) and intellectual controversies 

(7-9). The clarification of many of these issues has become possible 

because of a uniform diagnostic approach, namely, brain biopsy. This 

procedure is not routinely employed in therapeutic, natural history or 

diagnostic investigations performed outside the United States for the 

prospective evaluation of patients with focal encephalitis. Through the 

NIAID studies, clinical presentation, the value of brain biopsy for 

diagnostic purposes, as well as establishing alternative diagnoses which 

mimic herpes encephalitis, and the definition of effectiveness of 

treatment and associated factors which influence outcome have all been 

identified. 

Currently, HSE is estimated to occur in approximately one in 

250,000 to one in 500,000 individuals per year. At the University of 

Alabama at Birmingham School of Medicine, a Medical Center which accepts 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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statewide referrals of patients with suspected HSE, we have diagnosed an 

average of 10 patients per year over the past 10 years by brain biopsy. 

Alabama has a population of 3.3 million; thus, the incidence of disease 

is approximately one in 250,000 individuals. The severity of disease, 

namely its natural history, is best determined by the outcome of 

patients who have received no therapy or an ineffective antiviral 

medication such as idoxuridine or cytosine arabinoside. In such 

situations, mortality is in excess of 70% and only approximately 2.5% of 

all patients with confirmed disease return to normal function following 

recovery from their illness (10-14). These data reinforce the severity 

of HSV infections of the central nervous system. Since brain biopsy 

with the isolation of HSV fran brain tissue was the method of diagnosis 

in these studies, it is likely that a far broader spectrwn of HSV 

infections of the central nervous system actually exists. In fact, one 

British study has suggested milder forms of HSE which are associated 

with lower mortality and improved morbidity (I5). Serologic evaluations 

were the basis for the diagnosis in this latter report, a problem which 

will be discussed below. 

PA TH OGE NE SI S 

The pathogenesis of HSE remains unclear. It is apparent that both 

primary and recurrent HSV infections cause disease of the central 

nervous system. From studies performed by the NIAID Collaborative 

Antiviral Study Group, it was learned that approximately one-third of 

the cases of HSE are the consequence of primary infection. The 

remaining cases occur in the presence of pre-existing antibodies, often 

with a history of recurrent herpes simplex labialis and, therefore, are 

considered to be the consequence of reactivation of HSV (16). The route 

of access of virus to the central nervous system in primary infection is 

a subject of debate, especially in humans. While studies performed over 

two decades ago defined pathways for HSV access to the brain in animals, 

including both the 01 factory and trigeminal nerves among others (I 7), it 

is not clear which of these nerve tracts uniformly leads to HSV 

infection of the central nervous system. The anatomic distribution of 

nerves from the olfactory tract along the inferiomedial portion of the 
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temporal lobe, the site of onset of HSE in the htunan brain, suggests 

that viral access to the central nervous system via this route is a 

tenable hypothesis. Suggestions in the literature have indicated 

that,in fact, this has been the case in some individuals with herpes 

encephalitis (1S-21). Similarly, animal model data support the 

hypothesis that the olfactory tract provides one neurologic avenue for 

virus to reach the central nervous system and results in localization of 

the infection in the orbitofrontal region of the brain (22,23). For 

these studies, virus was either inoculated into the olfactory bulb of 

the rabbit or administered intranasa11y at a high concentration. 

Definitive proof for such progression in htunans is lacking. 

Reactivation of HSV,leading to focal HSE, is similarly confusing from 

the standpoint of pathogenesis. While it is possible to demonstrate 

evidence of latent virus infection within infected brain tissue (24), 

the likelihood of reactivation at that site remains purely hypothetical. 

Reactivation of virus peripherally, namely in the olfactory bulb or the 

trigeminal ganglion, has been suggested with subsequent neuronal 

transmission to the central nervous system (17,23,25,26). Nevertheless, 

a relevant observation is that with recurrent herpes simplex labialis, 

HSE is not a crnmnon event. Specifically, there are far more cases of 

recurrent herpes labialis than there are cases of HSE. Furthermore, 

when patients with biopsy-proven HSE are compared with patients having 

other diseases which mimic HSE, there is a near equal frequency of fever 

blisters (6%) and retrieval of virus from the oropharynx (11%) between 

groups (16). These questions will remain viable subjects for future 

investigations, particularly with the recent development of appropriate 

a nimal mode 1 s. 

Patients with HSE can shed VLrus from a peripheral site such as the 

oro- or nasopharynx as noted above (16). Associated with primary 

infection, HSV accesses the central nervous system in a few patients; 

the resulting peripheral and central nervous system isolates are 

identical by DNA restriction endonuclease analysis. However, with 

disease in a human having pre-existing antibodies, namely recurrent 

infection, the virus isolated from the peripheral site often is 

different from that retrieved from the eNS, uti! izing the same 

techniques (27). Thus, the issue of reactivation of virus directly 
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within the CNS, the potential for enhanced neurotropism of certain 

viruses or, furthermore, the selective reactivation and access of one 

virus by the trigeminal route or other routes to the CNS remain for 

further elucidation. 

DIAGNOSI S 

Initial reports of HSE focused on clinical presentation, pathologic 

findings at necropsy, and outcome of patients with disease 0-3,5,28-33). 

Over the past two decades, intense efforts have focused on therapy. In 

many of the reported studies, diagnosis was not established by a uniform 

procedure; namely, some patients were diagnosed by isolation of virus 

from brain biopsy specimens while others were considered to have a 

diagnosis of HSE predicated upon serologic response in either serum or 

cerebrospinal fluid or a ratio of serum to cerebrospinal fluid 

antibodies. As a consequence, patients with other illnesses not caused 

by HSV likely were included in the groups of patients thought to have 

"proven" disease. Many of these other diseases have a more benign 

outcome (7,11,12). 

Patients with HSE present at all ages, al though the age 

distribution of cases is essentially biphasic. Approximately 30% of 

cases occur between the ages of six months and 20 years; 50% of cases 

occur in individuals over 50 years of age. Caucasians are predominantly 

afflicted. A comparison of biopsy-proven and biopsy-negative patients 

is useful. Most patients present with a focal encephalopathic process: 

focal neurologic findings associated with cerebrospinal fluid 

pleocytosis and proteinosis, negative evaluations for appropriate 

ba ct erial and funga 1 pa th oge ns, and f oca 1 ence pha 1 ogra phic, computed 

tomographic, or technetium brain scan findings. However, only a higher 

freq uency of headach e a nd cere brospi na 1 fl ui d pI eocy tosi s 0 ccur s 1 n 

patients with proven HSE; a higher frequency of ataxia occurs in those 

individuals who have diseases which mimic HSV infection of the central 

nervous system. Nearly uniformly, patients with HSE present with fever 

and personality change. Seizures, whether focal or generalized, occur 

in only approximately two-thirds of all patients with proven disease. 

Thus, the clinical findings of HSE are non-specific and do not allow for 
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empiric diagnosis of disease predicated solely on clinical presentation. 

Non-invasive neurodiagnostic studies have been utilized to support 

a presumptive diagnosis of HSE. These studies have included the 

electroencephalogram, and computed tomographic and technetium brain 

scans. More recently, magnetic resonance imaging has been utilized for 

diagnostic purposes, although the value of such scans remains to be 

established in carefully documented and controlled clinical situations. 

Focality of the electroencephalogram appears the most sensitive of the 

non-invasive neurodiagnostic procedures (34-38). Characteristic 

findings on the electroencephalogram include spike and slow wave 

activity labelled as "pleds" which arise from the temporal lobe. Early 

in the disease course, electrical activity usually involves one temporal 

lobe and then spreads to the contralateral temporal lobe as the disease 

evolves. Sensitivity of the electroencephalogram has been defined as 

approximately 84%; but, unfortunately a specificity of 32.5% has been 

demonstrated in the NIAID Collaborative Antiviral Study Group trials. 

Brain and computed tomographic scans have sensitivities of 60% and 70% 

but specificities of only 65% and 58%, respectively. The computed 

tomographic scan initially shows evidence of edema localized to the 

temporal lobe which will progress to a radiolucent lesion indicative of 

hemorrhagic necrosis associated with a mid-line shift of the structures 

of the central nervous system, even including obliteration of lateral 

ventricals (39,40). Bitemporal disease is common in the absence of 

therapy, particularly late in the disease course. When these assays are 

used in combination, the sensitivity can be enhanced; however, the 

specificity of these diagnostic assays is diminished. At the present 

time, none of these neurodiagnostic tests is uniformly satisfactory for 

diagnosing HSE. 

The most sensitive and specific means of diagnosis, at least at the 

present tUne, remains the isolation of HSV from tissue obtained by 

brain biopsy. While this diagnostic approach is considered 

controversial, brain biopsy has not been associated with undue 

complications either acute or chronic in nature. The frequency of acute 

complications secondary to brain biopsy is approximately 3% with the 

most common being poorly controlled cerebral edema at the time of brain 

biopsy or hemorrhage because of poor visualization of the tissue. While 
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long-term complications have been thought to include se1zure disorders, 

as a consequences of the brain-biopsy, these have been uncoonnon in the 

experience of the NIAID Collaborative Antiviral Study Group (41). It is 

important to recognize that temporal lobe necrosis, as encountered with 

HSE, is an irreversible process; thus, the tissue must be considered 

norrviable and not amenable to recovery. 

Alternative norrinvasive diagnostic procedures are in varying 

stages of development. A new and promising assay is the demonstration 

of glycoproteins gB, gD, and gE antigens in cerebrospinal fluid of 

patients with biopsy-proven disease (42). After the onset of clinical 

findings of HSE, cerebrospinal fluid has evidence of HSV antigens as 

early as 5 days after disease onset in 65% to 75% of specimens tested. 

The assay is nearly 100% specific and increases in sensitivity as the 

disease duration progresses. It is conceivable that the availability of 

an antigen detection assay for cerebrospinal fluid will replace the 

uniform diagnosis of HSE by brain biopsy. It should be remembered, 

however, that other diseases which mimic HSE can be diagnosed by 

brain biopsy. These diseases are of significance and often require 

alternative forms of medical management: cryptococcal infection of the 

central nervous system, brain abscess, tumor, toxoplasmosis, 

tuberculosis, and arteriovenous malformations, among others (12). Thus, 

the future deployment of norrinvasive diagnostic procedures must take 

into consideration alternative diseases which mimic herpes simplex 

infection of the central nervous system. 

THERAPY 

The first antiviral evaluated and the first one for which 

therapeutic usefulness was suggested was idoxuridine, a compound studied 

in the late 1960's and early 1970's (29,30,33,43-45). In 1972, the 

NIAID Collaborative Antiviral Study Group, in cooperation with the 

Boston Interhospital Viral Study Group, demonstrated that idoxuridine 

was both ineffective and toxic for patients with HSE (10). Toxicity 

manifested as bone marrow suppression and secondary bacterial infection 

when patients received purportedly effective dosages of medication; 

thus, the therapeutic index {ratio of efficacy to toxicity} was 
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unacceptable. Thus, the further utilization of idoxuridine was negated 

by an unsatisfactory therapeutic index. In the conduct of these 

studies, it was clear that both uniform case record forms and approaches 

to ma na geme nt of pa tie nt s wi th HSE migh t lea d to cla ri fi ca tion of iss ue s 

which relate to both earlier diagnoses and improved therapy. 

Subsequent therapeutic trials defined vidarabine as a useful 

medication for the management of biopsy-proven HSE (ll ,12). In the 

first of a series of controlled studies of HSE, which uti1 ized a 

doub le-b I ind, pI ace bo-cont rolled st udy de sign, vida ra bi ne thera py 

decreased mortality from 70% to 28% one month after disease onset and to 

44% six months later for patients with biopsy proven disease (11). This 

report was predicated on a study of 28 patients, terminated for ethical 

reasons, and followed by an open and uncontrolled trial to verify 

mortality and define long-term morbidity (12). The follow-up study of 

nearly 100 patients with proven disease defined long-term mortality as 

40%. Of importance, variables such as age and level of consciousness, 

were proven to be major detriments of clinical outcome. Patients less 

than 30 years of age and with a more normal level of consciousness 

(lethargic as opposed to comatose) were more 1 ikely to return to normal 

function after HSE than older patients, especially those who were 

semi-comatose or comatose as displayed in Figure 1. 

FIGURE 1. 

LEVEL OF CONSCIOUSNESS 

!~~ i i 
!~III 

1IIllII"~'m ••• _"' 

-"". 

(Reprinted with permission from reference 12). 
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From these data, it is apparent that older patients (greater than 30 

years of age) whether comatose or semi-comatose had mortality rates 

which approached 70% -- a figure very similar to that encountered in the 

placebo-studies previously cited. In patients less that 30 years of 

age, a more acceptable outcome was achieved, as evidenced by a mortal ity 

of 25% and 40% returning to normal. Clearly, an important lesson 

learned from these trials was that if therapy was to be effective, it 

must be instituted prior to the onset of hemorrhagic necrosis of a 

dominant temporal lobe as associated with deterioration in the patient's 

level of consciousness. 

More recently, the NIAID Collaborative Antiviral Study Group has 

demonstrated that acyclovir is superior to vidarabine for the treatment 

of HSE. Acyclovir, its design and mechanism of action, are else-

where discussed in this monograph. Criteria for enrollment into this 

study was isolation of HSV from brain-biopsy tissue, a criteria somewhat 

different from that diagnostic criteria of a similar study performed in 

Sweden which also compared these two medications. The NIAID study 

demonstrated that acyclovir decreased mortality to 19% six months after 

therapy (46). Importantly, 38% of patients irrespective of age returned 

to normal function. Scandinavian investigators, led by Dr. Birgit 

Skoldenberg, defined similar outcome but in a smaller group of patients 

whose diagnoses were established by a variety of methods (47). Both 

studies taken together indicate that acyclovir is superior to vidarabine 

for the treatment of HSE. 
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As displayed in Figure 2, the data from the NIAID Collaborative 

Antiviral Study Group indicate a mortality of 50% for 37 patients who 

received vidarabine compared to 19% six months after the onset of 

treatment and 24% 18 months after the onset of treatment for the 

acyclovir group. Late deaths in this study were not a consequence of 

either persistent or reactivated herpes simplex infection of the central 

nervous system but occurred in patients who were severely impaired as a 

consequence of their disease. 

It should be noted that the mortality following vidarabine therapy 

in this study was greater than that encountered in the original trials. 

The reason for enhanced mortality in the vidarabine treated group was 

because it consisted of older patients who had a a lower level of 

consciousness--both known to be associated with higher mortality. When 

patient populations were compared according to specific age and level of 

consciousness, differences in therapeutic outcome remain significant for 

long-term mortality when utilizing a two-tail test (P=0.04). 

Previous studies indicated that age and level of consciousness 

influenced long-term outcome. The most recent study defined the Glasgow 

coma score and disease duration as additional indicators of long-term 

survival. As shown in Figure 3, a more objective reflection of Glasgow 

coma score, the level of consciousness which scores patients according 

to motor, verbal and sensory responses, indicated that scores 

approaching normal (a score greater than 10) predicted more likely 

survival, as well as return to normal function, with acyclovir therapy. 
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Glasgow coma scores indicative of coma, namely those less than or 

equal to 6, resulted in a higher mortality with either vidarabine or 

acyclovir treatment; thus, with lower Glasgow coma scores, survival is 

no different than in the absence of any form of therapy. 

A particularly striking finding in the current trial was the 

influence of disease duration on survival for acyclovir and vidarabine 

treated patients. As shown in Figure 4, disease duration less than four 

days, considering time of onset of fever, disorientation, a seizure or 

any abnormal clinical symptom as the onset of disease, was associated 

with the best of all possible outcomes -- a mortality of 12% at 18 

months. If disease duration was greater than 4 days, mortality 

increased from 12% to nearly 35%. 
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FIGURE 4. 

These differences were statistically significant for the acyclovir 

recipients (p=O .01). Surprisingly, disease duration did not influence 

outcome when vidarabine was administered. 

Long-term morbidity following administration of an antiviral is of 

particular importance. Historically, the vidarabine therapeutic studies 

indicated that approximately 15% to 20% of patients overall would 

develop normally following therapy of HSE on long-term follow-up. The 

current trial indicated that 13% of vidarabine recipients were left with 

no or minor sequelae while those with moderate or severe sequelae and 

dead on follow-up were 22% and 65%, respectively. For acyclovir 

recipients, 38% of patients were normal or with minor impairment, 9% had 
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moderate sequelae and 53% were left with either severe impairment or 

dead. 

HERPES SIMPLEX ENCEPHALITIS 
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SCALE VS OUTCOME WITH THERAPY 

<~II' ~ 
ARA-A 'S.6 ACV >6 ACV 

FIGURE 5. 

'::IN

<. 
~30 50 

,. 

o 
ARA-A ~6 

~ 
>6 ACV 

CJ NORMAL AND MILD CZ2I MOOERATE IIlDSEVERE _DEAD 
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When Glasgow coma score and age were assessed simultaneously, as 

displayed in Figure 5, a Glasgow coma score less than or equal to 6 led 

to a poor therapeutic outcome irrespective of the agent which was 

administered. 

Even in this sub-population of patients, the administration of 

acyclovir was without significant value. Conversely, for a Glasgow coma 

score in excess of 6, the most positive therapeutic benefit was achieved 

in patients less than 30 years of age. Eleven of 13 acyclovir 

recipients were either normal or left with moderate impainnent as 

canpared to 5 or 7 counterpart vidarabine recipients. With advancing 

age, the number of acyclovir recipients left with no or moderate 

impairment decreased to 4 of 11 as compared to 5 of 18 counterpart 

vidarabine recipients. 'These findings, then directly parallel data 

derived from the open treatment trial utilizing vidarabine, whereby age 

and level of consciousness directly infl uenced long-term outcome. 

Currently, an open study of acyclovir is underway for biopsy proven 

disease in order to verify long-term morbidity and mortality. 
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No patient entered into the current trial suffered a relapse after 

completion of therapy. Nevertheless, when causes of fever other than 

HSE were excluded, such as bacterial pneumonia, urinary tract infection, 

etc., the median duration of an afebrile state was only 3.1 days at the 

completion of 10 days of treatment. Thus, a longer afebrile state would 

be considered desirable, extending therapy to a minimum of 14 days. It 

should be recognized that relapse of HSE has been documented in a few 

patients following the administration of vidarabine (40 ,49). 

Demyelination syndromes have also been identified (SO). 

In defining the therapeutic index of a compound for the management 

of HSE, the denominator, or toxicity, becomes an important component of 

the equation. As shown in Table 1 the vidarabine recipients more likely 

developed laboratory abnormalities during the course of treatment than 

the counterpart acyclovir recipients (SO% versus 2S%, P=0.04). 

TABLE 1. 

LABORATORY IN[)H" 

Plalelcls «IOO,OClO cells/mm', 
SGOT (>250 IUldl) 

BUN (>50 mgldlJ 

While cells (<2500 cells/mm') 

Total bilirubin (» nlg/ull 

Creatinine(» mgfdlJ 

Combinalions 
SGOT + bilirubin 
WhilCcells + platelets 
BUN. platelets, + SOOT 

TOlal 

TUHIOI1"'TGNnn 

"" "1 PU"",,/\ [~41 
4(11) 2(6) 

5(14) 1(3) 

4 (II) 3(10) 

2(6) 0(0) 

I en 0(0) 

0(0) 2 (6) 

1(.\) 0(0) 
0(0) 0(0) 
10) 0(0) 

18 (49) 8 (25) 

'SGOT dcnUln serum a1l'al1llc IImlnOlransferase, and BUN blood ure .. nllro~n T .. ~"n'r1"! 
value~ fur BUN 10 milhmolci pc'r hler, mulliply by 0.357, kI t\lnven value. for Miru",n ~n.~ 
neall"II>e: 10 mlcmmules per Iner. mulliplyby 17.10 and SK.40, respecl,vcly' 

(Reprinted with permission from reference 46). 

The most significant laboratory abnonnalities encountered among 

vidarabine recipients was a platelet count less than 100,000 (11%), an 

elevated serum glutamic-oxaloacetic transaminase greater than 2S0 IU 

(14%), and an elevated blood urea-nitrogen in excess of 3Omg/d1 (11%). 

In contrast, 10% of acyclovir recipients experienced an elevated BUN and 

6% developed a creatinine in excess of 2mg/dl. It should be emphasized 

that the administration of both drugs was not associated with clinical 

evidence of toxicity and that these findings simply represented 

laboratory aberations encountered during the course of management of 

these patients. 
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These findings taken together indicate the therapeutic of choice 

for the management for HSE is acyclovir as compared to vidarabine. 

While not licensed in the United States for the treatment of HSE, a New 

Drug Application is currently under review by the Food and Drug 

Administration for utilization of this compound at a dosage of 10mg/kg 

every 8 hours (total 30 mg/kg/day) for a period of 10 to 14 days. It is 

conceivable that in certain circumstances a longer period of therapy may 

be indicated. Clinical response and duration of fever should guide the 

physician in the deployment of these therapies. 

FUTURE THERAPEtrrIC DIRECTIONS 

The current data indicate that acyclovir is the treatment of choice 

for biopsy-proven HSE, resul ting in signi ficantly improved both 

morbidity and mortality; however, even in patients with an acceptable 

Glasgow coma score, mortality and morbidity remain problematic. Thus, 

alternative therapeutic approaches will need to be developed. The 

development of sensitive and specific non-invasive diagnostic procedures 

may contribute to improved outcome by avoiding delays in the onset of 

therapy while awaiting a biopsy. However, the value of such procedures 

and their standardization remain to be established. 

One theoretical approach to the future therapy of HSE is the 

utilization of combination chemotherapy as has occurred for the 

management of malignancy and certain viral infections (51,52). Such 

approaches have been developed in order to decrease therapeutic 

failures, minimize potential for resistance to a therapeutic, and 

potentially decrease dosages of medication to avert toxic effects. The 

application of combination therapy to the treatment of viral infections 

has been studied in vitro as well as in animal model systems for several 

years(53-59). In tissue culture experiments, acyclovir and vidarabine 

usually have an addi tive effect for reduction of repl ication of both 

HSV-l and HSV-2 in Vero cells. In studies of this nature, an 

antagonistic effect has not been demonstrated for these two antiviral 

compounds (53). 

Animal model data indicate that combination chemotherapy, utilizing 

acyclovir and vidarabine, have at least an additive and, perhaps, a 
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synergistic effect for decreasing mortality, even when therapy is 

initiated late after inoculation. Similar animal model data have 

previously predicted the value of both acyclovir and vidarabine alone 

for treatment of HSE and support the potential utility of canbination 

chemotherapy (58). Studies performed by Dr. Raymond Schinazi indicate 

synergy between acyclovir and vidarabine at dosages of ISO mg/kg of both 

medications with delayed therapy. For these studies, combination 

chemotherapy was initiated 72 hours after intracerebral inoculation with 

HSV-2 and resulted in mortalities ranging from 20% to 50% as dosages 

were varied(59). However, when fluoromethylarabinosyl uracil was used 

alone or in combination with acyclovir or vidarabine, mortality was 

decreased to 0 to 10%. Because of the existing toxicity profile of this 

compound, it is unlikely that it will be deployed for therapeutic 

purposes. 

Combination chemotherapy may well have potential for decreasing the 

development of viral resistance. While resistant viral mutants can be 

generated easily in tissue culture systems, the appearance of such 

strains has not been a major problem in experimentally infected animals 

or humans at the present time (60-63). Combination chemotherapy will be 

the next area of testing of antiviral therapy. 

New canpounds with increased activity or increased lipophilicity 

thereby allowing penetration of drug into the central nervous system, 

are not currently identified at this time. Thus, future therapeutic 

efforts, at least initially, will use limited numbers of patients to 

assess the value of combination chemotherapy. 

CONCLUSION 

The value of antiviral therapy has been established unequivocally 

in the management of HSE. Clearly treatment of individuals with this 

life-threatening and debilitating disease has led to improved outcome 

and improved quality of life. Nevertheless, the significant mortSlity 

and morbidity even in treated patients indicate that improvements in the 

therapeutic regimens for management of this disease are mandatory. 

Hopefully, the development of non-invasive diagnostic procedures, or 
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even, the development of vaCC1nes to prevent HSV infection of CNS tissue 

may be of value in the management and prevention of this disease. 
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ABSTRACT 

The recent experience with 

recurrent herpes labialis in 

new anti viral agents in 

otherwise normal, non-

immunocompromised subjects, reveals that small clinical 

benefits are associated with treatment. These accomplish

ments have been achieved by improved means of drug delivery 

and the use of patient-initiated study protocols to begin 

treatment in the earliest lesion stages. 

INTRODUCTION 

Herpes simplex labialis is a common and ubiquitous 

infection of the skin due to herpes simplex virus (HSV) .The 

majority of the population harbours latent infection with 

HSV type 1, and among approximately half of those latently 

infected, or roughly 20-40% of the population, 

of the virus results in recurrent labial 

outbreaks of vesicular lesions (1-4) The 

reactivation 

or perioral 

frequency of 

these outbreaks is extremely variable, ranging, in some 

individuals, from rare episodes every 5-10 years, to 

monthly outbreaks among a small proportion of subjects. The 

severity of the illness is most often mild, although 

uncomfortable and cosmetically disfiguring. Among persons 

with an underlying immunosuppressing disease, lesions are 

of longer duration and may spread to cause major morbidity, 

and recurrent herpes labialis complicated by erythema 

multiforme reactions can be disabling (5,6). 

Major progress has been made in recent years in our 

understanding of viral infections and in the development of 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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safe and effective antiviral drugs. Nucleoside analogues 

which inhibit the replication of HSV deoxyribonucleic acid 

(DNA) are available commercially for the treatment of 

herpetic keratitis, herpes zoster, herpes genitalis, 

mucocutaneous herpes simplex in immunosuppressed hosts, 

neonatal herpes and herpes encephalitis. Despite these 

advances, an accepted treatment for recurrent herpes 

labialis in non-immunocompromised patients has remained 

elusive. 

The present review will attempt to define why herpes 

labialis has been difficult to treat. In order to 

understand the problem, the natural history of the disease 

will be described as well as relevant aspects of the 

pharmaceutics of topical drug therapy. Selected clinical 

trials will be examined in detail and the utility of 

existing antiviral preparations will be discussed. 

THE NATURAL HISTORY OF HERPES SIMPLEX LABIALIS 

Several groups of investigators have studied untreated 

episodes of herpes labialis, in order to define the disease 

and to optimally direct efforts at therapy and prevention 

(4,7,8). Prodromal symptoms are a frequent feature of 

herpes labialis and potentially could be used to guide the 

initiation of early treatment. In a study of 80 untreated 

patients undergoing an episode of herpes labialis, 60% had 

experienced prodromal symptoms with their present lesion 

(7) .In a prospective study of eight patients with frequent 

herpes labialis, only 3 of 16 lesions (19%) that developed 

during the observation period were preceded by a prodrome 

(9). Moreover, there were twice as many other episodes of 

prodromata (six occurences) for which the symptoms were not 

followed by a lesion (false prodromes) . 

In clinical trials, the utility of prodromal symptoms 

has depended upon the study design. In two, large clinic

initiated studies, only 5 of a total of 441 (1%) patients 

were in the prodromal or erythema stage at the time of 

their first clinic visit (10,11). This likely occurred 

because the prodrome is of short duration, usually less 
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than 6 hours (7). In self-initiated treatment studies, in 

which medication was dispensed to the patient for use at 

the onset of the next episode, 40-57% of participants were 

able to begin treatment in the prodromal phase (12,13). A 

high incidence of false prodromata have generally not been 

a problem for investigators. 

The rapid evolution of herpes labialis has been 

appreciated for many years (14). In a study of untreated 

patients with the disease, we observed that thirteen of 16 

subjects (81%) who had their first clinic visit within 12 

hours of lesion onset had already attained the vesicular 

lesion stage (Fig.1). Median lesion area, the mean lesion 

pain score and the median lesion virus titers reached their 

maximum levels within the first 24 hours and declined 

progressively thereafter (7). 
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Fig. 1. Frequency of 
lesion stages at 
intervals after onset 
of herpes labialis 
among 29 untreated 
patients. (Reprinted 
with permission from 
ref. 7). 

In order to focus more accurately on the clinical 

events in the 24 hour period immediately after lesion 

onset, a second report from our center (15) utilized a 

different method of data analysis which circumvented the 
problem of variability in disease severity between 
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patients. A cohort of untreated or placebo-treated subjects 

were selected from the populations of three large Utah 

studies. All patients had a complete evaluation in the 

Herpes Clinic within 24 hours and again one day later, and 

their time of lesion onset was known. To determine the 

early course of the disease, each patient was compared with 

himself for the two visits, and the lesion was determined 

to be increased in severity, unchanged, or better. Patients 

were further divided into three subgroups based on the age 

of the lesion at the first visit (0-8, 9-16, 17-24 hrs 

old). The results of these determinations on 122 subjects 

is shown schematically in Fig. 2. The data reveal that a 

majority of the patients in all three lesion age groups had 

no change in lesion severity between visits, or improved, 

using either lesion area, pain, or virus titer as the 

measure of severity. 

MEASURE OF LESION AGE AT FIRST VISIT 

LESION SEVER ITY 0-8 hr I 9-16hr I 17-24hr 

AREA • e ~ 
PAIN e ~ ~ 

VIRUS TITER ~ ~ f) 
Fig. 2. Course of lesions of different age between the 
first and second clinic visits. , increase in 
severity; c:::J, decrease; ~, no change. (Adapted from 
ref. 15). 

The data from our studies of lesion development permit 

one to draw several conclusions about the natural history 

of herpes labialis. First, the majority of lesions seen 

within 24 hours of onset will be the same or improved at 

the next visit, with or without some mode of therapy. 

Moreover, dissection of the first lesion day into three 

subgroups by time after onset showed the same pattern of 
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early lesion maturity even among the youngest lesions, 

those less than eight hours of age. This latter finding 

supports a model of cutaneous pathogenesis in which HSV 

infection of the epidermis originates from multiple foci of 

inoculation (see below) . Secondly, patients with 

established lesions can only expect to receive a small 

benefit from treatment. Even if seen within eight hours of 

lesion onset, only a quarter of the patients normally 

progress in the absence of therapy. While small 

improvements from antiviral treatment are likely achievable 

among patients whose disease is naturally waning, major 

clinical benefits in herpes labialis will require another 

approach. 

A schematic representation of the multifocal model of 

herpes labial is pathogenesis is shown in Fig. 3. We have 

postulated that the area of a lesion represents a region of 

multiple inoculation sites corresponding to the 

distribution of the multiple nerve endings of an HSV

infected neuron. Growth of these sites of infection occurs 

during the prodrome, and coalescence of the foci results in 

a palpable lesion of established dimensions. Little further 

extension of the lesion occurs because of the early 

development of high titers of intralesional interferon and 

the rapid ingress of other host resi.stance factors (16). 

This model is further supported by a histologic study of 

prodromal-stage lesions in which the early cytopathic 

changes in the epidermis were found at multiple sites (17). 
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Fig. 3. Hypothetical representation of the sequence of 
events immediately following inoculation of HSV into the 
epidermis from an infected neuron. A, multifocal 
inoculation establishes numerous foci of infection in the 
basal cell layer. B, growth and coalescence of these foci 
determine the size of the clinically apparent lesion. 

PHARMACEUTICAL ASPECTS OF TOPICAL ANTIVIRAL THERAPY 

Doseage, drug delivery, formulation and stability of 

the test compound are pharmaceutical issues that are vital 

and frequently problematic in the development of a success-

ful treatment for a microbial disease. Examples of 

important pharmaceutical issues in antibacterial 

chemotherapy include: the efficacy of intermittent doses of 

aminoglycosides used alone in the treatment of infections 

in neutropenic patients; inactivation of aminoglycosides by 

betalactam agents; and the use of intermittent dosing 

regimens in the treatment of tuberculosis. Antiviral 
chemotherapy is still in its infancy, and similar 

challenges await clinical investigators who seek to develop 

or improve the treatment of viral diseases. 

In the development of a dosing schedule for the treat

ment of herpes labialis, one must consider the rapid 
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evolution of the illness and the effectiveness of natural 

resistance factors; the cellular toxicity inherent in many 

agents which may potentially delay wound healing; the 

uniformly virus-inhibitory mode of action of the leading 

modes of chemotherapy; and the discrepancy between the 

continuous presence of the agent in standard viral 

sensitivity assays as compared with the intermittent dosing 
in the majority of clinical situations. The need for early 

initiation of treatment has been discussed above. The 

optimum frequency of doseage is poorly understood for 

cutaneous HSV disease. In clinical trials, different dosing 

frequencies have been compared in the prophylaxis of 

recurrent genital herpes, but not for its treatment (18). 
In animal models of mucocutaneous HSV infection, dosing 

frequency influences the outcome, and efficacy is signifi

cantly reduced when antivirals are administered fewer than 

3 times per day (19). In the author's experience, dosing 

schedules for herpes labialis treatments have been selected 

somewhat arbitrarily based on human habits, convenience and 

cosmetic factors rather than from pharmacokinetic science. 

Of considerable theoretical concern is the interruption of 
therapy at night, particularly early in the course. 

The duration of experimental treatments for herpes 

labial is has ranged from 4 to 14 days, often based on the 

conception of what constitutes a "course" of treatment, or 

a perception of the attitudes of regulatory agencies. In 

fact, it is hard to justify prolonging treatment of herpes 

labialis beyond the recognized duration of virus shedding, 

which is usually not more than 4 days (7). Furthermore, 

since healing of the skin requires proliferation of 

epidermal cells, and many antivirals possess anti

proliferative activity, prolonged therapy would be 

potentially detrimental to lesion resolution in many 
instances. 

Adequate delivery of an antimicrobial agent to the 
site of infection is a recognized principle of 

therapeutics. In the development of an oral antibacterial 

agent, the critical first studies are measurement of drug 
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levels in serum in order to determine the feasibility of 

the oral route of administration. As the gastric mucosa may 

exclude drugs from the systemic circulation, so also the 

stratum corneum of the skin effectively blocks diffusion of 

many topically-applied chemotherapeutic agents to the 

living cells of the lower epidermis. While careful 

measurements of antiviral drug penetration through skin 

would therefore seem to be a logical step in the 

development of a topical treatment for recurrent herpes 

labialis, such studies have frequently not been performed. 

While the stratum corneum is eroded in the ulcerative stage 

of the disease, delay of treatment to this late time point 

insures an unsuccessful outcome. 

In 1968, Tomlinson and MacCallum (20) reported that 

the efficacy of topical antiviral therapy for experimental 

cutaneous HSV infection was enhanced if dimethyl sulfoxide 

(DMSO), an agent which increases skin permeability, was 

used as the drug vehicle. We further developed this concept 

by quantitating the penetration of nucleoside antivirals in 

different vehicles through excised skin in vitro. For a 

given antiviral, the degree of penetration through skin has 

been predictive of the outcome of topical drug treatment in 

the Hubler model of dorsal cutaneous HSV infection (21,22). 

Because of the variable potency and different modes of 

action of antivirals, extension of these results to a 

general predictive model has been problematic. However, in 

1986, Freeman et al described an index of in vitro drug 

characteristics, the 10glO (drug flux through skin/IDSO)' 

which was highly predictive of efficacy against 

experimental HSV infection for six different nucleoside 

antivirals in a variety of drug vehicles (23). 

When human skin was studied in vitro, Freeman et a1 

(24) again demonstrated that the nature of the drug vehicle 

has a major influence on the penetration of topically 

applied antivirals (Figure 4). Sheth et al have reported 

that assay of antiviral concentration in the skin by the 

adhesive tape procedure can be predictive of drug efficacy 

against experimental HSV infection (19). This is a simple, 
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noninvasive test which can be used comfortably with human 

subjects. In summary, procedures for a thorough preclinical 

assessment of experimental topical antiviral formulations 

are available. Early identification of superior 

formulations should hasten the advent of effective products 

to the market. 
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CHEMOTHERAPY OF HERPES SIMPLEX LABIALIS 

The great majority of clinical trials examining treat

ments for herpes labialis have been negative. To understand 

this problem, one must first consider that the achievable 

degree of benefit from treatment is likely to be modest 

among patients with established or incipient lesions; and 

accordingly, only a well-designed study, with large numbers 

of subjects, employing an active antiviral compound, well

delivered to the site of infection, is likely to result in 

a positive outcome. In recent years, the utilization of 

potent, new antiviral compounds makes it likely, in the 

event of a negative study outcome, that the fault lies more 
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with the drug delivery, numbers of patients, or some other 

aspect of study design, and not with the intrinsic 

properties of the test compound. 

A proper study of herpes labialis must be carefully 

placebo-controlled and blinded because of the extensive 

placebo effect in this illness. In our experience at the 

University of Utah, 70% of patients who were 

retrospectively surveyed and who received placebo felt that 

the severity of the lesion course was reduced by treatment 

(25). Without an unmanipulated group for comparison, one 

cannot say if this response was subjective or real. 

Recently, Bolla et al found a striking placebo effect in 

their studies of Thymopentin (26). Treatment of patients 

with subcutaneous injections of drug vehicle reduced the 

frequency of herpes labialis by 40% (p=O.Ol). 

The present review will examine selected clinical 

trials involving established, potent antiviral compounds 

and for which sufficient pharmacologic data exist to 

interpret the results of the trial. For a compilation of 

all treatment efforts against this disease, the reader is 

referred elsewhere (27). 

Topical idoxuridine (IOU) in dimethyl sulfoxide (OMSO). 

In 1966, MacCallum and Juel-Jensen (14) reported 

favorable results with the use of 5% IOU in OMSO among 

16 otherwise healthy patients with herpes 

Subsequently, this formulation was made 

labialis. 

available 

commercially in Europe and has been widely used for the 

treatment of the disease. There is a compelling rationale 

for this treatment: the antiviral, IOU, has established 

efficacy in the treatment of herpetic keratitis; enhanced 

penetration of the drug through human skin has been 

demonstrated with OMSO as the vehicle (Figure 4); and IOU 

in OMSO has been highly effective in animal models of 

cutaneous HSV infection (20,23). Nevertheless, the clinical 

trial of MacCallum and Juel-Jensen is too small to support 

a firm conclusion about the efficacy of topical IOU in 

human subjects with herpes labialis. Moreover, the study is 

flawed by the inclusion of 5 retreated patients as 



17 

individual cases in the data analysis. Further controlled, 

double-blind clinical trials examining the efficacy of IDU 

in DMSO for herpes labialis curiously have not been 

forthcoming, and experience with the formulation in 

recurrent genital herpes disease has been mixed (28,29). 

While this now "old" treatment has been passed over by 

clinical investigators, it retains its promise on the basis 

of preclinical data and limited clinical information. 

Topical acyclovir (ACV) ointment. 

The advent of ACV, an agent with selective activity in 

HSV-infected cells and a high toxic/therapeutic ratio, was 

a major advance in the development of antiviral 

chemotherapy (30). The initial topical formulation of this 

agent for commercial purposes consisted of 5% ACV suspended 

in a semisolid ointment vehicle of different molecular 

weight polyethylene glycol (PEG). PEG is a stable, non

toxic, cosmetically acceptable compound that is widely used 

as a base in dermatologic preparations. Preclinical 

evaluations of ACV in PEG in animal models of HSV infection 

were generally quite favorable; however, only marginal 

benefits could be demonstrated with the treatment in a 

dorsal cutaneous experimental infection which placed 

emphasis on penetration of the intact stratum corneum for 

efficacy (31). In vitro skin penetration studies of ACV in 

PEG have shown very low rates of transcutaneous drug 

diffusion from the PEG vehicle (24,31), providing an 

explanation for the animal model results. Poor skin 

penetration by other drugs in PEG (32), and markedly 

improved ACV penetration with the use of other vehicles 

(24) establish that the therapeutic shortcomings of ACV 

ointment are the property of the vehicle and not the 

antiviral compound. 

ACV in PEG has undergone extensive clinical evaluation 

both in the United States and in Europe as a treatment for 

herpes labialis in otherwise healthy patients. In a clinic

initiated treatment study involving 208 subjects, a clear 

effect of the drug on virus shedding from lesions was 

demonstrated (11). A small benefit was noted in time to 
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heal.ing and time to l.oss of crust in sel.ected subgroups, 

but these differences were not statistical.l.y significant. 

Subs equent l.y , three trial.s were performed in which 

medication was prospectivel.y dispensed and treatment was 

initiated by the patient, in order to begin therapy at an 

earl.ier stage of the disease. Among 69 patients in the 

United States, randomized to receive either ACV ointment or 

pl.acebo, al.1 of whom started treatment in either the 

prodromal. or erythema stages (by history), no cl.inical. 

benefit with drug therapy was observed (12). Of the ACV 

recipients, 91% progressed to the vesicle stage, compared 

with 71% in the placebo group. Two smaller studies in Great 

Britain reported a favorable experience with patient

initiated treatment protocols, but in one report of 

29 patients (33), the results were not statistically 

significant, and in the second study involving only l.3 

patients (34), the data analysis was flawed because 

retreated patients were counted as individual cases. In 

summary, from a clinical experience totalling 319 subjects, 

no solid evidence has emerged that topical ACV in PEG is of 

clinical benefit to patients with recurrent herpes 

labialis. 

Topical ACV cream. 

A second topical formul.ation of ACV has been developed 

in which the vehicle is an aqueous cream containing a high 

concentration of propylene gl.ycol. (35). In experimental 

cutaneous HSV infections, the efficacy of 5% ACV cream has 

been superior to 5% ACV ointment, and this difference 

appears to be rel.ated to better skin penetration of ACV 

from the cream formul.ation (35, 35a). 

Three therapeutic trials of ACV cream have been 

performed in Europe among otherwise healthy subjects with . 
recurrent herpes l.abial.is . These trial.s were all small 

(30-49 patients), randomized double-blind placebo

controlled, stressed early treatment by patient-initiation 

of therapy, and general.ly relied on the patient's history 

to establish the initial diagnosis. Interpretation of the 

data from these reports is hindered by retreatment of some 
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of the original patients and analysis of the aggregate 

number of episodes as independent events; and failure to 

indicate if a one or two-tailed measure of statistical 

probability was employed. Among 49 patients treated once 

with ACV cream or placebo, Fiddian et al (36) found 

significantly more ACV treated subjects to have aborted 

lesions, and a 33% reduction in the median number of days 

to complete healing. Among 30 patients treated once, Van 

Vloten et al (37) found a similar reduction in the healing 

time among ACV recipients, and also reported that the 

duration of vesiculation was significantly less in the 

drug-treated patients (1.8 vs 2.7 days, p=O. 016). More 

recently, the third trial by Shaw et al (38) observed no 

clinical benefit attributable to ACV cream. 

The utility of ACV cream is supported by experimental 

data and selected clinical evidence to date has been 

encouraging. Further studies 

formulation are warranted. 

Oral ACV 

with this promising 

In a double-blind, placebo-controlled, patient

initiated trial of oral ACV for the treatment of herpes 

labialis, 173 otherwise healthy patients took 400 mg of ACV 

by mouth five times a day for five days beginning in the 

prodromal (70 patients), erythema (28 patients) or papular 

(75 patients) stage of the disease (13) .Preliminary 

analysis of the data has revealed a trend toward reduction 

in lesion healing time among ACV patients (6.3 vs 6.9 days, 

p= 0.28), reduction in the duration of pain (2.7 vs 4.1 

days, p= 0.04), and reduction in the duration of virus 

shedding from lesions (2.1 vs 3.6 days, p= 0.03). 

Topical foscarnet. 

Foscarnet (trisodium phosphonoformate) is an inhibitor 

of viral DNA polymerase which is under evaluation for the 

treatment of infections by HSV, cytomegalovirus, and human 

leukemia/lymphoma virus III. In a 3% aqueous cream 

formulation, it has been evaluated in two large clinical 

trials in Canada and Sweden for the treatment of recurrent 

herpes labialis in otherwise healthy subjects. In Sweden, 
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167 patients initiated treatment following a clinic visit, 

within 24 hours of lesion onset. Among 43 patients who 

began therapy in a prevesicular lesion stage, the number of 

patients with "active lesions" (vesicular or ulcer/crust 

stages) in the first four days was reduced by half in the 

foscarnet-treated group (39,40). In the Canadian study, in 

which treatment was patient-initiated, 144 subjects 

received 3% foscarnet cream or placebo (41). In a subgroup 

of 95 patients who began treatment in a prevesicular 

stage, there was a trend toward reduction in the duration of 

pain (3.1 vs 4.0 days, p=0.08), fewer patients treated with 

foscarnet progressed to vesicle formation (p = 0.03), and 

the time to end of virus shedding was reduced (p=O.04). In 

summary, a small clinical benefit has been shown for 3% 

foscarnet cream among subjects beginning treatment in the 

early lesion stages of herpes labialis. 

Prophylactic application of chemotherapy. 

Prophylaxis of mucocutaneous HSV disease has been 

pursued in herpes genitalis, to reduce disease transmission 

and patient anguish, and among immunosuppressed subjects, 

because of the attendant morbidity under these 

circumstances. Until recently, prophylaxis of recurrent 

herpes labialis in otherwise normal individuals has 

received scant attention. Recently, however, the efficacy 

of prophylactic treatment for oral herpes has been examined 

among selected subgroups of persons with unusually severe 

disease or at risk for complications. 

In occasional individuals, disabling attacks of 

erythema multiforme occur 10-14 days after an episode of 

HSV infection. Two short reports now indicate that 

prophylactic oral ACV is effective in preventing 

recurrences of herpes labialis and the associated episodes 

of erythema multiforme (6,42). The necessary dose and 

duration of treatment is variable, and the consequences of 

prolonged administration of ACV, as in other clinical 

settings, remains to be fully elucidated. 

Some individuals regularly trigger an episode of 

herpes labialis by exposure to ultraviolet light, dental 
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manipulation, or upper respiratory infection. Under such 

circumstances, a short course of effective chemoprophylaxis 

might be considered worthwhile. To examine the feasibility 

of this hypothesis, we treated 146 skiers at high risk for 

sun-induced herpes labialis with oral ACV, 400 mgs twice 

daily for 7 days, or placebo (44). Placebo recipients 

developed herpes labialis in 18/73 subjects, compared with 

5/73 episodes in those treated with ACV (p= 0.006). In 

addition, several of the episodes in ACV-treated patients 

occurred in the first two days after the start of 

prophylaxis. This successful study should encourage 

controlled trials of antiviral prophylaxis under other 

high-risk settings. 

Thymopentin is a synthetic pentapeptide with the same 

biologic function on T-cells as its parent hormone, 

thymopoietin (45). Under the assumption that persons with 

recurrent HSV disease have a mild, underlying deficiency in 

some component of cell mediated immunity, Bolla et al (26) 

examined the effect of a six week course of subcutaneous 

thymopentin, 3 times a week, or placebo, on the subsequent 

frequency of herpes labialis among 36 patients suffering 

from extremely frequent recurrences (12 or more relapses 
per year). A 75% reduction in the frequency of recurrences 

was noted, a greater benefit than in the placebo-treated 

patients, who also responded. Further study of this 

compound seems justified. 

Oral herpes in immunosuppressed patients. 

Perioral infections in immunocompromised subjects may 

be treated with topical acyclovir ointment (5) . If 

intraoral lesions are present, oral or intravenous 

acyclovir are effective (46,47). 

SUMMARY AND CONCLUSIONS 

Studies of the natural history of herpes labialis have 

assisted in the design and interpretation of clinical 

treatment studies. The author's synthesis of the histo

pathologic, immunologic and clinical course of herpes 

labialis is summarized schematically in Figure 5. 
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Histopathology begins well in advance of a palpable lesion, 

and is responsible for the "prodromal" symptoms of the 

disease. Clinical awareness of a lesion and maximal 

epidermal damage occur in close succession. The secondary 

immune response to recurrent virus infection begins early 

and results in curtailment of any lateral spread of the 

disease in the normal, non-immunocompromised host. 
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Fig. 5. Schematic representation of the possible course of 
events in the development of recurrent herpes simplex 
labialis. , histopathology; ....... , immune response; 

clinical disease, treated lesion (1) or untreated 
(2) • 

While the majority of investigative treatments for 

herpes labialis have been by the topical route of 

administration, cutaneous pharmacokinetic studies to select 

and evaluate topical formulations have been inconsistently 

applied. Clinical studies with ACV ointment for herpes 

labialis were disappointing, and retrospective investi

gations of the penetration of ACV through human and guinea 

pig skin have attributed the unfavorable results to the PEG 

vehicle. In contrast, penetration of ACV in cream formula

tion through human and guinea pig skin has been documented, 

and the results of clinical trials to date with this 

preparation show evidence of efficacy. Experimental 

formulations of nucleoside antivirals containing 
penetration-enhancing agents have been created which 

markedly enhance transcutaneous drug flux and which have 
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correspondingly greater in vivo activity in an animal model 

of cutaneous HSV infection. Use of such formulations has 

not been widely accepted as yet by the pharmaceutical 

industry, in part because of skin irritation that may 

necessarily accompany modification of the stratum corneum, 

and also because of increased developmental risks and costs 

associated with formulations containing two active 

ingredients. 

Examination of clinical trials of different antivirals 

for the treatment of herpes labialis appears to show that 

the disease is relatively resistant to therapy. While 

10 years ago the failure of efforts at treatment could be 

ascribed to inadequate drug potency, drug delivery, or 

study design, the limited efficacy seen in clinical trials 

with oral ACV and topical cream preparations of ACV and 

foscarnet cannot be faulted on the same grounds. Evidence 

is emerging that the benefit of antiviral treatment may be 

a reduction of the vesicle and ulcer stages. While the 

shortening of lesion time effected may be small, the 
improvement could be clinically significant because vesicle 

and ulcer stages are the most painful and disfiguring 
periods of the eruption. Figure 5 shows the hypothetical 

course of a patient treated with an active antiviral 

preparation compared with untreated disease. While lesion 
duration is approximately the same in both instances, 

lesion severity declines more rapidly in the treated 

subject, such that the total lesion experience is more 
favorable. 

As with genital herpes, prophylaxis of herpes labialis 

with antiviral agents provides a far superior response than 

does treatment of established disease. Selected clinical 

situations exist where this approach is justified, such as 

patients with herpes labialis-associated erythema 
multiforme reactions. 

Because of the small benefits that occur with 

treatment and their restriction to patients seen in the 

earliest stages of a recurrent episode, the development and 

evaluation of new treatments is arduous and involves the 
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performance of large-scale, patient-initiated clinical 

trials. Improvements in the clinical testing procedure 

would be of substantial value. We have had a favorable 

experience with the experimental induction of herpes 

labialis in volunteers using small doses of ultraviolet 

light (48). A pilot study with oral ACV is currently in 

progress to examine whether prophylaxis of experimentally 

induced lesions is a feasible method to screen the 

effectiveness of new antiviral products. 
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TREATMENT OF HERPES GENITALIS 
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ABSTRACT 

Effective treatment for genital herpes infections is now widely available in the form 

of systemically - administered acyclovir. Immunocompromised hosts may be treated, as 

well as selected individuals with normal immunity. In general, patients with severe 

infection will benefit most from treatment, especially those with rrrst episodes or frequent 

recurrences. Demonstrating significant clinical benefits in recurrent herpes has been very 

difficult, partly because of the mild and relatively short clinical outcome of untreated 

disease, and partly because of several scientific pitfalls common to clinical trial design. 

In this chapter, the results of clinical trials presented to date are reviewed, and the 

methods utilized in each trial are critically analyzed. Recommendations for future clinical 

explorations, based upon the information now available, suggest the need to limit 

comparisons to groups with similar clinical outcomes in the untreated state. The average 

patient with mild recurrences of genital herpes is still awaiting inexpensive, effective, and 

safe relief from the symptoms of infection, or, more importantly, from the worry of 

transmission of infection. 

INTRODUCTION 

In recent years, genital herpes simplex virus (HSV) infection has taken on major 

importance as a public health problem. While the onslaught of media attention is recent, 

this infection has probably been prevalent throughout history. Herpes (from the Greek, 

"to creep") was coined as a word during the era of Hippocrates (1). Possibly, the rrrst 

reference to genital herpes in the medical literature was made by the French physician, 

John Astruc, in 1736 (2). The virus was rrrst grown in vitro in 1925, although Lipshutz 

successfully inoculated vesicular fluid from genital lesions into volunteers in 1921, 

eliciting the expected clinical response (3,4). By the early 1960's, Schneweis (5) and 

Dowdle (6) established the existence of distinct antigenic types, and correlated their type 

with the site of virus recovery. 

Unfortunately, the true prevalence of genital herpes is not accurately established. 

Data from metropolitan Toronto between 1978 and1980 suggests that 17.5% of the female 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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population and 12.8% of the male population show evidence of seropositivity to herpes 

simplex virus type 2, and statistical correlations were made with young age at first 

intercourse and multiple sexual partners (7). The proportion of seropositive individuals 

with asymptomatic or symptomatic disease is unknown, however. Data collected by the 

U.S. National Disease and Therapeutic Index survey would suggest a rapidly increasing 

prevalence of infection (8). Between 1966 and 1981, the number of physician

patient consultations for genital herpes increased tenfold. This is corroborated by other 

circumstantial seroepidemiological evidence from Ann Arbor, Michigan (9), Auckland, 

New Zealand (10), Bankok, Thailand (11), and King County, Washington (12). 

Seropositivity may actually underestimate the incidence of genital herpes, since a sizeable 

proportion of frrst episodes are caused by herpes simplex virus type 1. 

THE NATURAL HISTORY OF UNTREATED INFECTION 

Definitions 

For the purposes of this discussion, genital herpes is defined as virological proof 

of the presence of HSV, on at least one occasion, in an epithelial area provided with 

sensory innervation via the sacral plexus. Some investigators have also included patients 

with clinical disease consistent with genital herpes, who seroconvert during their first 

clinical episode. However, these patients are not as clearly defined. Acceptable virologic 

proof includes culture positivity or identification of viral antigens in clinical specimens or 

typical cytologic changes (13). 

Clinical manifestations 

Women commonly experience cervicitis or evidence of cervical virus shedding 

during their primary infection (14). External infection may be evident during primary 

episodes as well, and is the usual clinical location of recurrent disease. The most 

commonly affected genital sites during recurrent disease, in descending order of 

frequency, are listed in Table 1 (15): 

Table 1. Lesion locations in recurrent genital heroes . 

.IDmw!. 
Labia minora (40%) 

Labia majora (36%) 

Perineum (20%) 

Mons (4%) 

.Mm 
Penile shaft (67%) 

Jnnerprepuce (10%) 

Outer prepuce (8%) 

Glans penis (7%) 

Pubic region (7%) 

Perineum (1%) 

Scrorum (1%) 
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Other areas of importance in "genital" herpes include the buttock, thigh, and other 

lower extremity sites. These dry skin, nongenital lesions are likely to last longer and 

involve a larger area of skin than other sites (16), although precise data concerning the 

natural history of disease in different presenting sites are not available. Nongenital sites 

are included here as genital infection because they probably do not represent sites of 

autoinoculation, but rather result from recurrent episodes of infection whose latent sites in 

the sacral ganglia are indistinguishable from genital disease. Therapeutic trials may 

exclude nongenital areas from study (15), or specifically include them (14). However, the 

vast majority of clinical trials have not specifically reported presentation sites, beyond 

using the word "genital herpes" or "herpes of the genital tract". 

Active infection with HSV may present to the physician in a variety of ways. 

Patients who deny a previous history of genital sores are classified as having initial 

episodes. When acute serologic determinations at the time of presentation fail to reveal the 

presence of HSV -specific antibody, the first episode is called primary infection (17). As 

will be discussed later, individuals with primary infection are more likely to have more 

numerous and more painful lesions, with longer duration, and increased susceptibility to 

complications of infection (18). If initial serology is positive, however, this is consistent 

with previous latent infection (17). Thus, their preexisting immune status often results in 

milder clinical disease than that observed for primary infection. Initially seropositive 

events are termed nonprimary, initial episodes. Persons with nonprimary, initial 

infection may have preexisting immunity to HSV-l or HSV-2 (17,19). Seropositives to 

HSV -1 are usually presenting with their first genital infection, while seropositives to 

HSV-2 are presumed to be having recurrent disease which was previously asymptomatic. 

Primary genital infection is frequently caused by HSV-l (10-40%, depending on the 

geographical area reporting). 

For reasons that are not clear, HSV-l genital primaries are less quickly and less 

frequently followed by recurrent infection than those caused by HSV-2 (20). This may 

stem from a reduced ability of HSV -1 to establish latency in the sacral ganglia, compared 

with HSV-2 (21). Accordingly, recurrences of genital infection are predominantly caused 

by HSV-2 (95+%) (18). Recurrent disease is usually mild and may be lesional or 

nonlesional (18,22). Generally, patients complain of prodromal symptoms, especially 

itching or, less commonly, tingling or burning at the site of lesion development. Remote 

prodromal symptoms such as sacral paresthesias or buttock or thigh pain will occur in a 

minority of patients. A general feeling of ill health or mental stress may be cited. 

Prodromal symptoms may be followed by lesion development (lesional episodes) or by 

their disappearance without lesion development (nonlesional episode). The latter are quite 
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common and have been seen in as few as 5% (16) and as many as 40% of untreated 

episodes (22,23). 

When lesions develop, they progress through a series of identifiable phases (16), 

some of which may be skipped. Skin redness may be accompanied by swelling in some 

individuals. As cellular swelling and lysis occurs, fluid-filled vesicles may be observed in 

areas of keratinized epithelium. Vesicles are poorly formed on mucous membranes such 

as the labia minora or cervix where lesions may first appear as ulcers. Wet ulcers also 

follow the vesicular stage when the lesion is unroofed. These ulcers may become covered 

by a wet serous crust which then dries as underlying skin reepithelializes. The dry crust 

may falloff quickly or linger for several days, leaving healed skin. Reepithelialized 

(healed) skin may remain discolored (residual erythema, residual hypopigmentation) for a 

short or prolonged period, unrelated to viral shedding. 

First-episode infection 
Genital herpes infections may be complicated by either acute or long-term 

sequelae. Physical manifestations of a severe nature, however, are usually limited to the 

primary episode. Corey has reported (12) that nearly 40% of men and 70% of women 

report fever, headache and myalgias. Mindel and his colleagues (24) report systemic signs 

in 75% of these patients. Vaginal or urethral discharge, along with local lesions are 

common. Virtually all lesions are painful and symptoms such as itching and dysuria 

(Seattle data: 44% men; 83% women) are the rule. Corey describes new lesion formation 

in 68% (HSV-l) to 75% (HSV-2) of primary episodes (12) overall, and in up to 82% of 

patients in one study (25). New lesions continue to form for about 10 days (12), but one 

study reports a mean duration of new lesion formation of 10.6 days in men and 10.1 days 

in women, with one woman forming new lesions 23 days into her episode (14). Mertz et 

al (26) described new lesion formation continuing longer than 48 hours after presentation, 

in 58% and Bryson et al (27) in 44% of placebo-treated patients. Tender inguinal 

lymphadenopathy may begin after initial presentation, and may be the last symptom to 

resolve (12). It is present in 80% of patients (18) and lymph nodes may be tender for a 

mean of 3.9 days (27) or longer (18). Durations of primary genital lesions have varied 

widely during studies by different investigators. Corey suggests a mean duration of 16.5 

days in men and 19.7 days in women (18). Mertz et al (26) describe a median time to 

healing of 16 days when treated with placebo, while Bryson's placebo-treated women had 

a median time to healing of 16.2 days compared with 21 days in men (27). Mindel (28) 

describes a median of 14 days in all patients and 12.5 days in women, although 

seropositives (non-primaries) are included in this analysis. A topical treatment study of 

primary disease demonstrated healing times of 14.3 days in the placebo group (25). 

Extragenital infection is not uncommon during the primary episode, the pharynx (10%) 
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and the fingers (6%) being the most common sites. Aseptic meningitis may occur in as 

many as 33% of cases, although usually symptoms are mild and short-lived (12). 

Long-term complications of genital herpes are less common. Prolonged urinary 

hesitancy has been reported even after complete resolution of lesions (29). Transverse 

myelitis has been rarely reported (29,30). Transmission of virus infection antepartum has 

been documented (31,32), but the usual route of neonatal infection is through direct 

contact with infected lesions during vaginal delivery (33). The incidence of neonatal 

herpes infection is rising in both the U.S. (34) and Canada (35), in parallel with the 

increased incidence of genital herpes infection. Carcinoma of the cervix (36) and vulva 

(37) have also been associated with genital herpes infection, although cause and effect 

relationships have not been proven. 

Recurrent infection 
The most common and clinically bothersome sequel to primary genital infection is 

recurrent genital herpes infection - both symptomatic and asymptomatic. Symptomatic 

recurrent infection occurs in nearly 100% of patients who develop initial or primary HSV-

2 infection. While the median number of yearly recurrences is 4, nearly 40% of patients 

will experience 6 or more episodes per year (18). Recurrent disease is mild. It follows 

the same stage progression as for primary infection but rarely reproduces systemic 

symptoms or a severe local response. 

Lesions may be painful or pruritic. Dysesthesias may also occur (12). If near the 

urethral meatus, external dysuria is common. Tender lymphadenopathy may recur, but 

with less severity and frequency than for primary disease. Patients are usually concerned 

more with avoiding transmission, however, than they are with their symptoms (38). New 

lesions will commonly form during recurrent disease in 16% (39) to 24% (40) of 

episodes. In one study of recurrent disease, up to 65% of patients developed new lesions 

(25). It is not determined whether these new lesions represent the natural history of one 

recurrent episode, or the coincidental occurrence of a second recurrent episode. 

Generally, clinical disease outlasts the period of virus-shedding from lesions, and 

in as many as 50% of episodes, may develop, progress, and heal, in the absence of a 

positive lesion viral culture (41). Culture-negative lesions are poorly understood. They 

heal significantly sooner than their culture-positive counterparts (15). The precise duration 

of recurrent episodes is not established, since each study is unique in its design, inclusion 

criteria, and objective standards for followup. Table 2 displays the disease durations 

reported in several recent studies, along with important features of study design which 

may have influenced the outcome. In general, earlier studies were associated with longer 

recurrent disease durations. 
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Tl;!bl~ 2. Tim~s in Ilntr~illild or PI&;~-Ir~,\!~d R~llrr~nt Genital H~ 

Allowable disease Times to 
Treatment No. duration prior to Healing (daX:!) Unique Study First Year 
Modalitx ~ ~nrnllm~nt (hourS) Men Women Features Author (R~f no) 

None 9 24 8.8 8.8 Adams 1976(14) 

None 13 48 7.7 9.4 Adams 1976(14) 

7 24 6.8 7.0 Petrolatum- Adams 1976(14) 
Topical Base predisposed 
Placebo to new lesion 

13 48 7.7 8.0 foonation Adams 1976(14) 

Miconazole men not 
Aqueous Cream 7 96 studied 12.0 100% cp2 Blough 1979(64) 

None, placebo 100% cp 
or inactive 362 48 10.6 9.3 Total of several Corey 1976 to 

studies. 1983(18) 

Polyethylene 
Glycol 56 48 8.4 7.6 100% cp Corey 1982(25) 

Oral placebo 43 48 6.0 not CI3 Nilsen 1982(53) 
reported 84%CP 

Saline 35 72 lO.r 100% cp Silvestri 1982(62) 

Polyethylene 58 48 6.3 4.3 100% cp Reichman 1983(39) 
Glycol 

Aqueous Cream 
in Propylene 24 from 6.0 3.0 73%CP Fiddian 1983(58) 
Glycol 41 prodrome 6.05 5.05 

None 32 
340 episodes nil 6.9 6.3 Previous CP Sacks 1984(22) 

Polyethylene 6.0 3.9 Previous CP Luby 1984(41) 
Glycol 162 24 from 6.65 4.35 Inc!. nonle-

prodrome siona! episodes. 
45%CP 

Oral placebo 106 48 7.04 CI Reichman 1984(76) 
7.45 86%CP 

Oral placebo 83 24 6.54 PI6 Reichman 1984(76) 
7.25 77%CP 

Aqueous cream 45 24 5.3 4.6 Previous CP Wallin 1985(68) 

Oral placebo 51 24 8.0 4.0 CI Ruhnek-
Previous CP Forsbeck 1985(78) 

Oral placebo 43 24 7.0 5.0 PI Ruhnek-
Forsbeck 1985(78) 

Aqueous cream 74 24 7.8 7.0 76%CP Douglas 1986(40) 

Aqueous cream 20 6 6.04 4.85 100% cp Sacks 1987(15) 

Aqueous cream 103 6 2.96 2.77 O%CP Sacks 1987(15) 

1 Reference Number (this chapter) 4 Figures include both sexes -- sex not specified in 

2 Culture-positive patients studied 
report. 

5 Results for aII1esions--includes new lesions developing 
during study. Other values represent lesions only or details 

3 Clinic-initiated trial 
were not specified in report. 

6 Patient-initiated trial 
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Other features which may help to explain the decrease in observed disease duration 

over the last few years include: 

- The tendency for patients with milder infection to report to the physician because 

of "herpes", where earlier patients may have sought medical help only for 
especially bothersome symptomatology. 

- The inclusion of specific patient instructions, when participating in studies, which 

require patients to report with their next episode, regardless of severity. 

CLINICAL TRIALS WITH ANTIVIRALS 

~ 
To date, attempts to modify or eradicate latent infection, once established, have met 

with failure. This problem may result from the fact that potent antivirals generally require 

virus-specific enzyme production in order to exert their effects. HSV-specified thymidine 

kinase activity, however, may be intermittently expressed in latently-infected ganglionic 

cells (42). Furthermore, the possibility exists that latent infection is repeatedly 

reestablished with each passing day of a primary episode or each recurrence. 

Accordingly, one might presume that effective treatment of primary disease would modify 

subsequent recurrence rates. Accordingly, a number of treatment studies with acyclovir 

have looked at times to subsequent recurrences as a function of drug effect. Bryson 

followed her first episode patients treated with oral acyclovir (27) for two years after the 

study'S completion (43). Although the numbers are small, and the patients self-reported 

their episodes, she found a significant diminution of episodes in the second year of disease 

in patients treated with acyclovir for primary infection. No benefits were observed in the 

first year after disease onset in this group. The nonprimary, first episode patients treated 

with acyclovir did not experience any different outcome than placebo-treated patients in 

this long-term study. Long-term benefits of systemic acyclovir treatment were also sought 

by Corey et al (44). Ten months' followup in 61 patients treated with intravenous 

acyclovir or placebo for first episode infection showed no differences in long-term 

outcomes between the two groups in this analysis. Recurrence suppression has not 

beneficially altered outbreak frequency after drug withdrawal (23,45-49). In fact, 

increased lesion severity (45) and more rapid lesion development (47) have occasionally 

been reported in acyclovir recipients during the immediate post-suppression period. 

Since latent infection is established soon after infection and before disease onset 

(50), early treatment of established disease may not be expected to alter more than the 

treated episode (with the possible exception of Dr. Bryson's study:43). In certain 

situations, however, it may be theoretically possible to prevent epithelial infection. This 

would include the use of barrier contraception or possibly, topical antivirals during 
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intercourse. After inoculation, latent infection might be prevented by the use of antivirals, 

ego in the setting of post-exposure treattnent of uninfected sexual partners, health care 

workers with needlestick exposures, and neonates delivered vaginally or after prolonged 

membrane rupture, in the presence of a genital maternal lesion. These approaches have 

not been clinically established as efficacious, although post-exposure treattnent of certain 

animal models will prevent disease and latency in a proportion of treated animals (51). 

Non-cure 

Treatment of first episodes. Treatment of active disease is quite a different 

matter. Recent evidence suggests that the clinical course of primary genital herpes can be 

modified by treatment after lesions are established. Specifically, Mindel et al (28) found 

that intravenous acyclovir shortened the duration of lesions during first episodes from 14 

days to 7 days. Data analyses in this report did not separate true primaries from non

primary first episodes, although this unreported analysis was shown to be in favor of 

acyclovir for primary patients. Interestingly, they found major differences in healing times 

of internal lesions, but "no significant differences in the duration of external lesions 

between the two (treattnent) groups". In a followup report the next year, however, these 

authors clarified their data (24). When primary patients were reported separately, healing 

times were again reduced (15 days for placebo vs. 9.0 days for acyclovir), but the P value 

was less striking (P<0.05). The duration of new lesion formation was reduced to 0.0 

days for acyclovir recipients (P<O.OI), but total symptomatology was not benefitted 

statistically. In 1983, Corey et al (52) reported on their results with 31 patients treated 

for 5 days with intravenous acyclovir or placebo. They added a unique exclusion criterion 

in this study, to decrease the number of non-primary episodes, i.e., a history of oral-labial 

as well as genital herpes infection. Of the 31 patients, 27 had primary disease, 

serologically-verified. In this group, virus shedding from lesions was reduced from 13 

days to 2 days and from the cervix was reduced from 9 days to 1 day (P<O.OOI for 

either). Virus shedding from the throat and urethra was also reduced. Both complete 

crusting (13 days vs. 6.0 days; P<O.OOl) and complete healing (21 days vS. 9 days; 

P=O.OO7) were benefitted by treatment, as were pain (7 days vs. 3 days; P=O.03), itching 

(8 days vs. 2 days; P=O.Ol), vaginal discharge (11 days vs. 4 days; P=O.002), dysuria (7 

days vs. 4 days; P=O.04), and sore throat (10 days vS. 2 days; P=O.03). Constitutional 

symptoms were not affected statistically (7 days vs. 4 days; P=O.17). Because clinical 

relapse was noted after therapy withdrawal, this study suggested a 7-10 days' therapy 

course for primary disease might be more appropriate. 

Oral acyclovir treattnent of primary disease has also been quite effective. Bryson 

et a1 (27) studied 48 subjects of whom 23 had primary infection. Women on oral 

acyclovir (200 mg 5 times daily for 10 days) healed sooner (16.2 days vs. 10 days; 
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P=0.015), crusted sooner (15 days vs. 8.8 days; P=O.Ol), and shed virus from external 

lesions for less time (14.7 days vs. 4.9 days; P=O.OOI). Parallel findings for primary 

infections in men were observed with somewhat less impressive statistical benefits, 

possibly because of the lower number of subjects. New lesion formation after 48 hours 

was seen in one male acyclovir recipient compared with 44% of placebo recipients 

(P=O.OO4). Patients with dysuria, adenopathy and moderate malaise at presentation had 

reduced durations of these symptoms, although pain and malaise, in general, were not 

shown to improve with treatment. Mertz et al (26) reported their findings on 119 primary 

and 31 nonprimary first episodes in 1984. The treatment, dosage, and duration were 

identical with Bryson's (27). In the true primary group, virus shedding from genital 

lesions (9 days vs. 2 days; P<O.OI), and from the cervix (8 days vs. 0 days; P<O.OI) 

was reduced, as was time to crusting (10 days vs. 7 days; P<O.OI), time to healing (16 

days vs. 12 days; P<O.OI), and pain duration (7 days vs. 5 days; P<0.05). In contrast to 

Bryson's findings, however, dysuria and constitutional symptoms were not benefitted by 

treatment in this study. Once again, however, new lesion formation after 48 hours was 

dramatically reduced (62% vs. 18%; P<O.OOI). In their nonprimary group, virus 

shedding was reduced from all genital lesions (6 days vs. 0 days; P<O.OI) but no other 

parameters of efficacy, including new lesion formation, approached statistical significance. 

Another report on initial disease which did not attempt to separate the primary and 

nonprimary episodes for analyses (53) showed a reduction in viral shedding (13 days vs. 

1 day; P<O.OOI), crusting time (6 days vs.4 days; P<0.05), healing times assessed by 

patient interview (11 days vs. 6 days; P<O.OI), itching duration (6 days vs. 1.5 days; 

P<O.OI), and pain duration (7 days vs. 3 days; P<O.OI). New lesion formation was 

reduced from 55% to 0% (P<O.OI). 

Acyclovir was also tested as a 5% topical preparation in polyethylene glycol. This 

offered minor benefits in improved times to crusting and reduction of viral shedding 

during primary infection (25), when compared with placebo. Corey et al studied 77 first 

episodes with this formulation. For the 49 true primaries, virus shedding of presenting 

lesions was reduced (6.7 days vs. 2.8 days; P<O.OI) as was time to crusting (10.5 days 

vs. 7.1 days; P<O.OI). Time to healing was not statistically benefitted by treatment (12.3 

days vs. 10.6 days; P=O.II). Topical acyclovir did not influence the frequency of new 

lesion formation or alter the duration of pain (8.8 days vs. 6.2 days; P=N.S.), although 

pain severity may have been reduced in one center. Treatment of nonprimary first 

episodes did result in a reduction of viral shedding from presenting genital lesions from 

1.0 day for placebo to 0.2 days for acyclovir (P<0.05), although no statistical benefit was 

seen when all external lesions were considered. Acyclovir-treated patients actually had a 

slightly longer time to healing and crusting of initial lesions than did those treated with 
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placebo, and pain was not significantly altered. By repeated-measure analysis, the 

investigators were able to show a significant reduction in viral titers between acyclovir and 

placebo-treated patients for both the primary and the nonprimary groups. 

Thin and his colleagues separately reported their results on topical acyclovir (54). 

In this study, 18 patients (14 culture-positive) received acyclovir ointment and 22 (20 

culture-positive) received placebo. Viral shedding was reduced from all lesions from 9 

days to 2 days (P<0.05) and time to crusting from 7 days to 5 days (P<0.05). Healing 

times were 13.5 days for all lesions and 12 days for external lesions in the placebo group, 

compared with 9 days and 7 days in the acyclovir group (P<0.05 and P<O.OI, 

respectively). In the U.K., topical acyclovir was then reformulated into a 5% aqueous 

cream vehicle containing 40% propylene glycol, which shows better absorptive 

characteristics in the guinea pig (Hubler) model (55,56). Kinghorn et al (57) treated 53 

patients with fIrst episodes of whom 25 were true primaries. Once again, efficacy data 

were grouped, preventing separate analyses of primary vs. nonprimary first episodes. 

Time to healing was reduced from 11 days to 8 days (P<O.OI) for original lesions and 

from 14 days to 8 days for all lesions (P<O.OOI). New lesion formation was reduced in 

acyclovir recipients (P<O.OOI), as was duration of pain (8 days vs. 4 days; P<0.05) and 

duration of virus shedding (7 days vs. 3 days for original lesions; P<O.OI and 11 days vs. 

4 days for all lesions; P=O.OOI). Itching, dysuria, discharge and crusting were 

unaffected. Two patients in their placebo group were culture-negative as was one patient 

in their acyclovir group, and their acyclovir group had a slightly longer duration of 

symptoms (0.5 day) prior to entry. These factors could affect outcome only slightly, 

however. Yet, the mixture of two distinct groups (primaries and non-primaries) in the 

analysis makes it difficult to extract clear information about drug effects. An apparent 

expansion of these data to a multicenter analysis of 101 patients suggested even more of a 

beneficial effect (56). With the additional patients, however, serologic testing was not 

performed. In this analysis, acyclovir was associated with reduced duration of viral 

shedding from presenting external lesions, as well as all lesions. Reduced times to fIrst 

crusting, healing of lesions, and loss of symptoms were also observed in the acyclovir 

group. 

These striking differences between studies are difficult to explain on the surface. 

Just examining topical acyclovir in polyethylene glycol, alone, one study showed minor 

differences in the primary group and virtually no differences in the nonprimary group 

(25). By contrast, a much smaller study demonstrated highly significant results using the 

same formulation. One can only assume that the "blending" of primaries and nonprimaries 

in the analyses has confused the data. Even a few extra nonprimary patients included with 

the acyclovir group would have markedly reduced the duration of disease parameters for 
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that group. However, careful analysis of serological status may not completely obviate the 

problem, since antibody responses may be partially established by five days (the usual 

enrollment time limit). This could mean that some true primary disease will be included in 

the nonprimary group. Furthermore, lack of seropositivity in some individuals with 

proven genital herpes simplex infection is a known phenomenon (20) and may cause a 

small percentage of nonprimaries to be counted in the primary group for analysis. 

Nevertheless, since at the time of the patient's clinical presentation, serologic status 

is unknown, both Canada and the U.S.A. gave licence to topical acyclovir ointment for the 

treatment of "first episodes", knowing that a significant proportion of such patients (the 

nonprimaries) might not receive benefit from its application. Because oral acyclovir may 

prevent systemic complications (27) of primary infection and/or reduce subsequent 

recurrence rates (43), it should be used in all patients with first episode disease. 

Combining oral acyclovir with topical acyclovir does not enhance the efficacy of the oral 

preparation (59). 

Treatment of active recurrent episodes. The first reported success with 

antiviral therapy against HSV infections after study in a randomized, double-blind trial, 

appeared in 1966. MacCallum (60) reported on the therapeutic outcome in 21 patients 

with oral-labial infection utilizing idoxuridine (IDU) in dimethyl sulfoxide (DMSO). 

Subsequently, Davidson-Parker examined the course of genital herpes in a double-blind 

trial using this combination (61). Mixtures of 20% IDU or 5% IDU or 0% IDU in a 

DMSO base were compared. Healing times were 3.9 days (20% IDU), 5.7 days (5% 

IDU) and 5.7 days (DMSO alone) such that P<0.05. Viral shedding was also reduced 

from 4.1 days (DMSO alone) to 2.9 days (5% IDU) and 2.1 days (20% IDU). 

Accordingly, Silvestri et al (62) examined a 30% IDU in DMSO mixture compared to 

DMSO alone and saline placebos, after application of drug four times daily for 7 days. 

The duration of viral shedding was again reduced (1.4 days for DMSO; 2.0 days for 

saline; 0.6 days IDU-DMSO). No effects were observed on symptom duration, new 

lesion formation, healing times, or risk of subsequent recurrence. Toxicity (burning, 

contact dermatitis, vulvar carcinoma in situ) was observed, however. While toxicity 

would suggest that this approach to therapy would be ill-advised, certain problems exist in 

the trial design. Specifically, patients with recurrent genital herpes were included up to 3 

days after recurrence onset, although subsequent stratification to patients enrolled within 

24 hours of lesion onset did not alter the outcome. Symptoms and times to healing were 

unaffected, although the reported healing times are unusually long (11.0 days for IDU

DMSO; 9.8 days DMSO; 11.3 days saline). On the other hand, viral shedding was 

reduced in patients receiving 30% IDU-DMSO to 2.3 days compared with 3.3 days for 
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DMSO alone or 3.8 days for saline (P<0.05). All patients analyzed for efficacy were 

culture positive on day 1 (24 of 124 excluded because of negative culture). 

Adenine arabinoside (vidarabine; ara-A; Vira-A®) was studied in a 3% formulation 

in petrolatum by Adams et al (14). Untreated patients were included, along with a 

placebo ointment group in this genital study. Patients with thigh and buttock lesions were 

included in the analysis of 7 days' treatment, utilizing four applications daily. In the 

middle of this study an aqueous gel base became available and women were switched to 

this mode of treatment. Followup visits were 3 and 8 days after enrollment, and weekly 

thereafter. All patients were culture-positive at some point during the treatment course. 

Treatment with ara-A ointment had no beneficial effect, and the data suggested that 

occlusive ointment predisposed to new lesion formation. Untreated healing times from 

disease onset were 9.7 days in women and 10.0 days in men. The more soluble 5'

monophosphate derivative of ara-A (ara-AMP) was subsequently tested in a 10% gel 

formulation in 134 patients. In this double-blind, placebo-controlled trial of treatment four 

times daily for 7 days, only 5% of drug recipients failed to heal by day 6, compared with 

18% of placebo recipients (P=O.Ol). Other efficacy parameters were not reported (63). 

A controversial publication examined the effects of topical 2-deoxy-D-glucose 

(64). These investigators studied a 0.19% formulation in miconazole cream compared 

with placebo D-glucose in the same cream base. Lesion duration was reduced from 12 

days to 6.8 days in recurrent infection (P<O.OOl) and virus shedding, which outlasted 

lesions in the placebo group (15.3 days), was reduced to 4.4 days in the treatment group 

(P<.OOl). These reported durations were added to an average lesion duration of 4.0 days 

prior to study entry. The authors went on to claim a marked reduction in subsequent 

lesion frequency in the treatment group. Interestingly, they limited the number of placebo 

recipients to 7 because of "ethical and moral considerations". This study describes a small 

group of patients who received an extraordinary drug benefit. However, the times to 

healing and viral shedding in their limited placebo group were 12 days and 15.3 days 

respectively. On top of an average of 4 days before enrollment, this suggests 1.5 to 3 

times the durations seen in other studies of recurrent disease. Furthermore, placebo

treated entrants were severely limited in number, suggesting that the study was not 

properly randomized. The prolonged duration of viral shedding 3 days beyond duration 

of genital lesions was unexplained. These controversial matters were addressed in a 

subsequent letter to the editor (64). It is not possible to draw a final conclusion. Follow

up studies in animal models (65) have failed to show any beneficial effect from 2-deoxy

D-glucose treatment Properly controlled, randomized clinical trials with this agent remain 

to be performed. 
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Topical treatment studies with acyclovir have also led occasionally to conflicting 

results. The fIrst report from Corey et al (25) employed a study of 111 culture-positive 

recurrent episodes, comparing 5% acyclovir in polyethylene glycol to the ointment base 

alone, after 4 applications for 5 days, allowing for enrollment up to 48 hours after the 

onset of symptoms. Viral shedding was reduced in acyclovir-treated men from 2.3 days 

(all lesions) to 1.2 days (P<0.05) and from 1.5 days (presenting lesions) to 0.8 days 

(P<0.05). This effect was not observed for women. An improvement trend in healing 

times was also observed for men, but this was not statistically signifIcant (8.4 vs. 6.9 

days). Two followup studies using these preparations applied 6 times daily were then 

undertaken. Reichman et al (39) looked at 88 episodes in a clinic-initiated format (less 

than 48 hours enrollment). These investigators stated that 88 patients were entered and 

subsequently confIrmed as culture-positive. One infers from this that culture-negative 

episodes were not described. Acyclovir-treated men demonstrated a modest reduction in 

viral shedding (3.2 days for placebo versus 2.0 days for acyclovir; P<0.05) while 

acyclovir-treated women shed virus slightly longer than their placebo-treated counterparts 

(not signifIcant). Times to healing were 6.6 days (acyclovir-men), 6.3 days (placebo

men), 5.2 days (acyclovir-women) and 4.3 days (placebo-women). In this study, males 

shed virus for a longer period of time than females (P=O.OO3) and took longer to heal. No 

clinical benefits were observed with acyclovir, therefore, in this clinic-initiated trial. Thus, 

a prodrome-initiated trial was conducted and reported by Luby et al (41). Of 547 

enrollees, 309 patients subsequently presented, during treatment, for evaluation. Patients 

were instructed to apply drug as soon as possible after the appearance of the prodrome and 

to visit the clinic within 24 hours of the onset of treatment which was continued for 5 days 

(6 times daily). Of 173 cultured men, 80 were culture-positive, while 59/130 cultured 

women were culture-positive. Because this was a patient-initiated study, CUlture-positive 

and culture-negative patients were analyzed together. Healing times were 6.0 days for 

presenting lesions in men receiving either acyclovir or placebo, while placebo-treated 

women healed in 3.9 days compared with 4.5 days for acyclovir. The duration of virus 

excretion was 1.8 days for both treatment groups in men and 2.0 days versus 1.1 days 

(P<0.05) for women treated with placebo and acyclovir, respectively. No drug effects 

were demonstrated on lesions at the time of presentation, suggesting that acyclovir had no 

influence on the rate of nonlesional prodromes. Thus, despite earlier treatment, no clear 

benefIts were demonstrated with topical acyclovir. 

Acyclovir displays better cutaneous absorption when applied in an aqueous cream 

(56). Accordingly, acyclovir was retested in an aqueous cream formulation in several 

studies from the U.K. Kinghorn et al (57) described 41 patients with prior culture

proven disease, using 5% acyclovir in aqueous cream compared with cream placebo, in a 
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patient-initiated trial. In this trial, 100% of placebo recipients were culture-positive on day 

1 compared with only 67% of acyclovir recipients, all seen within 24 hours of starting 

treatment. While this is a possible drug effect, it is difficult to draw the conclusion that 

such an observation is entirely drug-induced, since this would mean that 1/3 of patients 

ceased to shed virus after less than 24 hours of topical treatment. Data obtained on day 0 

(presentation) may be difficult to interpret since virus shedding may have been influenced 

by drug therapy or alternatively, two distinct populations (culture-negative, culture

positive) may have been studied. An antiviral effect of this magnitude has not been 

observed with any other therapeutic modality, including systemic acyclovir (26). Several 

studies of recurrent disease have now demonstrated up to a 50% negative virus isolation 

rate during recurrent episodes (41). This has been seen most commonly in patient-initiated 

trials, not unlike that of Dr. Kinghorn's in design (57), where both placebo and treatment 

groups present with a high proportion of negative cultures. Furthermore, if this is not a 

drug-induced effect, but rather selection bias, it would call to question any other positive 

observations of drug effects, since culture-negative recurrent genital infection is milder and 

shorter than culture-positive disease in the absence of treatment (15). 

Potential solutions to the design difficulties inherent in patient-initiated trials might 

include: 

o Use of larger, multicenter trials where chance randomization bias would be less 

likely to occur. 

o Complementation of patient-initiated trials with clinic-initiated trials separating 

culture-positive and culture-negative patients for analysis. 

o Use of home cultures prior to self-initiating therapy in a patient-initiated design. 

(Requires delaying treatment past prodrome stage.) 

Arildone is an aryl diketone compound which displays antiherpesviral activity in 

vitro. Douglas et al (40) recently reported the effects of this compound in recurrent 

genital herpes in a multicenter, randomized, placebo-controlled, clinic-initiated trial. 

Allowable time from symptom onset to enrollment was 24 hours. Of 145 evaluable 

patients, 91 had positive cultures on their first visit. The duration of viral shedding was 

reduced in women receiving arildone from 4.0 days to 3.2 days (P<0.05). Viral shedding 

was unaltered in men. Symptoms were reduced slightly in duration for men, as was the 

time to crusting. Shorter healing times were observed in arildone-treated men (6.8 days 

vs. 7.8 days), but these were not statistically significant. Women were not benefitted by 

treatment for any efficacy parameter. 

One of the most effective topical agents in the guinea pig model has been foscamet 

(67). This DNA polymerase inhibitor was compared to its placebo cream base using a 

0.3% formulation in a study performed by Wallin and his colleagues (68). They studied 
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129 episodes in 86 patients, such that each patient was randomized separately for each of 1 

or 2 episodes. The first episode for study was clinic-initiated for patients presenting 

within 24 hours of lesion onset, and patient-initiated for the next episode in the others. 

While all patients had had past proven culture-positive disease, virus cultures were not 

followed during the treatment episode. The bulk of the efficacy data was provided by a 

home record, and, indeed, of 86 episodes studied at the first treatment course, 34 had no 

clinic followup beyond the home record. The remainder were seen from one to three 

times. Healing times were recorded as shortened for men from 5.0 days (placebo) to 4.0 

days (foscamet) which was highly significant (P<0.002). Placebo-treated women healed 

in 4.6 days compared with 4.4 days for foscamet (not significant). Patients who 

participated in two study episodes and received foscamet in one and placebo in the other, 

were analyzed according to the difference between results from one episode to the other. 

In this way, improved clearance of redness, swelling, blisters, ulcers, and time to total 

healing were significantly benefitted by treatment. This study's strong dependence on 

patient-recorded data, and it's lack of culture information during the treatment episode 

makes analysis difficult. Accordingly, several multicenter trials were established in 1984 

to study the effects of foscamet treatment utilizing objective criteria. A Canadian 

collaborative study group of 7 centers studied 309 patient episodes of recurrent herpes in a 

clinic-initiated trial (15). Patients were enrolled only if their lesions had been present for 

under 6 hours. The 0.3% foscamet cream was tested in men while a 1 % cream was tested 

in women. Patients were followed daily. A clear antiviral effect was seen in foscamet

treated men, but no other significant clinical benefits from treatment were observed. 

Nevertheless, several important observations were made in this study. The longer 

duration of disease in men which was also observed by Reichman (39) and Luby (41), 

was statistically confrrmed. Men presented with larger lesions which took longer to heal 

(6.04 days vs. 4.85 days), but complained of fewer symptoms (lower pain and itching 

scores). Culture-confirmed, placebo-treated women healed in 4.85 ± 0.60 days vs. 2.77 

± 0.55 days for women who were negative by culture (P=O.ooOI). Culture-confrrmed, 

placebo-treated men healed in 6.04 ± 0.68 days compared with culture-negative episodes, 

which healed in 2.96 ± 0.57 days (P=O.OOOOI). Barton et al (69) have also reported no 

clinical efficacy for this agent in the treatment of recurrent genital herpes. 

Since, with rare exception, hospitalization for recurrent herpes infections is not 

indicated in the normal host, intravenous treatment has not been utilized in that setting. 

Several orally administered agents have been tested, however. Ribavirin was administered 

to 48 patients at a dose of 800 mg daily for 10 days and patients were required to report 

within 24 hours of onset (69). Significance levels and methods for evaluation were not 

reported and virological assessments were not performed. The authors state that new 
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vesicle formation and time to crust formation and healing were reduced by the thempy. 

Interestingly, the placebo patients were often not healed after 10 days of treatment, 

suggesting an unusually long duration of recurrent disease in this group. Furthermore, 

benefits seemed to diminish with each subsequent recurrence. Side-effects of elevated liver 

enzymes and anemia were observed. L-Iysine has been a favored treatment for many years 

by a number of patients with recurrent disease (71). Nevertheless, clinical trials have 

failed to demonstmte either a thempeutic or a suppressive effect (72). Immune modulators 

have also been tried. Levamisole had an apparent suppressive effect in recurrent 

mucocutaneous infection in one study (73), but this has not been confirmed (74). 

Transfer factor offered no clinical benefit in reducing recurrence rates of genital herpes 

(75). 

Oral acyclovir has been tested by a number of investigators in the treatment of 

recurrent disease. Nilsen et al studied 85 patients treated with 200 mg five times daily 

for 5 days (53). Patients with clinically diagnosed genital herpes were studied if they 

presented within 48 hours. Lesion cultures were positive in 31/42 (74%) of acyclovir 

recipients and 36/43 (84%) of placebo recipients. Virus shedding was reduced from 2.0 

days to 1.0 days (P<O.OOl). Healing times were assessed by discussion with the patient 

and were reduced from 6 days to 5 days (P<O.OOl) in the tested group. New lesion 

formation was also reduced by acyclovir treatment. Itching was slightly shorter and pain 

slightly longer in the acyclovir group. Neither difference achieved statistical significance. 

This study was followed by a large, multicenter study in the U.S. and Canada, involving 

250 patients (76). For the initial phase of the study, an identical "clinic-initiated" treatment 

program was employed. However, after the first phase, patients were given the same 

treatment for a second "patient-initiated" phase, where they self-administered oral 

acyclovir or placebo at the first sign or symptom of a recurrence, and reported within 24 

hours for evaluation. A positive culture from either episode was considered a valid 

inclusion criterion for analysis of both episodes. A total of 212 persons were available for 

analysis for the clinic-initiated phase and 165 persons were available for analysis of the 

patient-initiated phase. Initial lesions healed in 6.3 days in the acyclovir-treated group and 

7.0 days in the placebo-treated group in the clinic-initiated phase (P<O.05), but in 5.5 days 

and 6.5 days, respectively, in the patient-initiated (P<O.OOI). New lesion formation was 

reduced by acyclovir and, thus, "all" lesions healed sooner in the acyclovir group in both 

phases (6.3 vs. 7.4 days for clinic-initiated; P<O.01, and 5.7 vs. 7.2 days for patient

initiated; P<O.OOl). While the mean durations of itching and pain were less in the 

acyclovir group in both phases, neither parameter was shown statistically as a treatment 

benefit. Interestingly, 83% of acyclovir, and 85% of placebo-treated patients were 

CUlture-positive in the clinic-initiated phase, while only 59% of acyclovir vs. 77% of 
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placebo-treated patients were culture-positive in the patient-initiated phase. This difference 

in the patient-initiated phase may have resuIted from the drug therapy, or alternatively, 

may have favored less serious (culture-negative) disease in the drug-treatment group (15). 

Other studies with oral acyclovir by Salo (77) and Ruhnek-Forsbeck (78) failed to assess 

the virologic status of outbreaks during the study, although previous culture-confirmation 

was required. The Swedish study (77) demonstrated enhancement of healing times in the 

clinic-initiated phase from 7.5 days to 4.0 days overall (P<O.OOI). However, this 

reduction was entirely limited to men (8.0 days to 5.0 days). This was a crossover study 

where patients switched from acyclovir to placebo (or vice versa) for the second phase. 

The trial design concomitantly changed from clinic-initiated to patient-initiated. In the 

patient-initiated phase, acyclovir reached the 0.05 level of significance for lesion healing in 

women, but not in men. Symptom duration was also reduced in women (5 days vs. 2 

days; P<O.OOI), but not in men. Nonlesional (aborted) episodes were more common in 

the acyclovir group (16% vs. 32%; P=0.017). Since these episodes were included in the 

overall analyses, they may account for much of the positive drug effects, since patients 

who were "healed" at presentation were used for calculating duration of lesions and 

symptoms. This was the only oral acyclovir study of treatment during the prodromal 

phase to show an effect on nonlesional prodromes. These investigators also asked 

patients to assess their treatment overall, and 89% of patients receiving acyclovir vs. 41 % 

of patients receiving placebo felt they were receiving active drug (P<O.OOI). 

Suppression of frequently recurrent infection. Once recurrent disease 

has established a pattern in any individual, it becomes appropriate to think in terms of 

emotional adjustment with no drug treatment, episodic treatment of recurrences, or 

suppression. Approximately 50% of patients will eventually notice a decrease in 

recurrence frequency with time, but this is by no means a predictable pattern (38). 

Treatment of widely-spaced episodes which would significantly alter symptoms or times 

to healing, or better yet, induce episodes to abort during the prodromal phase, would be a 

major addition to the physician's therapeutic armamentarium. As stated above, however, 

such a situation was reported in only one previous trial (77). Anecdotally, it seems that 

oral acyclovir, as treatment for established disease, is useful mainly for highly selected 

patients with infrequent recurrences who complain of consistently long recurrent outbreaks 

(>7days), preceded by extended prodromal periods (> 12-24hours). In these situations, it 

may be possible to establish an effective circulating blood level of acyclovir at the point it 

still works best, i.e. before new lesion development. This specific subpopulation has 

never been studied in controlled trials, however. 

In patients whose outbreak frequencies are increasing, the severity of emotional 

sequelae may increase with time (38). With each recurrence, many patients will suffer a 
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relapse of anger, depression, and sleep disruption. In addition, high recurrence rates may 

significantly disrupt romantic interludes and one's sexual functioning. Therefore, the 

degree of impact on any individual's life is partly a function of recurrence frequency. A 

person with 2 or 3 outbreaks per month may be physically affected from 50-100% of the 

time, compared with a person with 2-3 outbreaks yearly who has active problems from 

herpes approximately 5% of the time. In order to offer assistance to patients with high 

frequency rates, several studies have been performed looking at chronic disease 

suppression using oral acyclovir. Among the first to be published were two 4 month 

studies from the U.S. Straus and his colleagues (45) evaluated oral acyclovir 200 mg 

capsules in a 3 times daily regimen in 32 evaluable patients with recurrence rates of 1 

episode per month. Four of 16 (25%) recurred during 125 days of oral acyclovir 

treatment while 16 of 16 recurred during placebo treatment. A simultaneous report from 

Douglas and his colleagues (47) evaluated patients who gave a history of at least 6 

episodes per 12 months, although the mean reported frequency was 13 episodes in that 

period. Of 153 patients enrolled, 143 completed 4 months' therapy including 47 placebo 

recipients, 45 recipients of five 200 mg capsules daily (acyclovir-5) and 51 recipients of 

two capsules daily (acyclovir-2). Ignoring the first week of therapy, placebo recipients 

experienced only a 2% "prevention" rate while acyclovir-5 recipients experienced a 76% 

prevention rate and acyclovir-2 recipients a 66% prevention rate during the 4 months of 

this clinical trial. A 75% reduction in recurrences was noted by 87% of acyclovir-5 

recipients and 71 % of acyclovir-2 recipients, compared with 13% of placebo recipients. 

Mindel and his associates (46) studied 4 doses daily with similar results. The 56 patients 

in this study had at least 4 recurrences yearly and received drug for 12 weeks. The mean 

recurrence rate per month was 1.4 in placebo-treated patients compared with 0.05 in the 

acyclovir group. This group was observed after treatment withdrawal where recurrence 

frequency was 1.09 per month for previous acyclovir recipients, compared with 1.25 per 

month for previous placebo recipients. A crossover study in patients with 8 recurrences 

yearly was subsequently reported by Thin and colleagues (48), again using 4 tablets daily 

for 84 days, followed by crossover. In this study 88% of patients on placebo developed 

lesions compared with 13% of acyclovir recipients. Another 42% developed symptoms 

and/or erythema only, while 45% of patients remained entirely symptom free on acyclovir. 

Ralsos et al (49) used a 4 times daily schedule for 12 weeks and prevented lesions 

entirely in 77% of recipients compared with 10% on placebo. Sacks et al (23) studied 47 

patients for 6 months of treatment, followed by a 6 month period of no prophylaxis. 

Intermittent therapy of active lesions was utilized rather than placebo alone. A patient 

home record was also added in order to motivate lesion reporting. Either because of the 

longer study duration, or because of the option for self-reporting of lesions, 71 % of 



105 

acyclovir recipients reported one or more lesion episodes during the study period. 

Nevertheless, the lesional recurrence rate was markedly reduced with acyclovir (0.29 per 

person per month vs. 1.16 per person per month for intermittent therapy). Reduction of 

acyclovir dosing from 200 mg 3 times daily to 400 mg 3 times daily on weekends only 

resulted in an increase in breakthrough failures (79), suggesting that daily dosing is 

necessary. 

A variety of other approaches have been taken in an attempt to modify the course 

of established disease, including BeG vaccine (80) and smallpox vaccine (81). These 

agents are ineffective and potentially dangerous. Polio vaccine (82) and influenza vaccine 

have also been tried (83). Isoprinosine (84), systemic (85-87) and topical (88,89) 

interferons and their inducers (90) have also been subjected to clinical trials without major 

success. Human leukocyte interferon, however, has been shown to modify the course of 

oral-labial infection when given prophylactically after trigeminal nerve surgery (91). A 

recent report by Eron and his colleagues (92) outlined the effects of thrice-weekly 

subcutaneous injections of 3 x 106 IU of alpha2b interferon versus placebo in 37 patients 

with recurrent genital herpes, treated for 12 weeks. All patients had frequent recurrences 

(8 or more per year). Only 3 of 18 interferon patients remained lesion-free during the 

study period and no differences in lesion frequency or duration were observed in the 

interferon group compared with placebo. By contrast, Kuhls et al (93) found a moderate 

reduction of recurrence frequency, lesion duration, viral shedding, and lesion symptoms, 

utilizing the same preparation (identical lot numbers), dose, routes, and treatment period as 

Eron. Kuhls et aI, however, compared 3xl06 LU. to lx106 LU. and to placebo. The 

lower dose was no more effective than placebo. 

Friedman-Kien et al (94) recently reported on a new formulation using a 

combination of agents with demonstrated in vitro synergy. Their preparation contained 

either 105 or 107 IU of human leukocyte interferon per gram of cream base with 1 % 

nonoxynol 9, a nonionic surfactant. A third group received placebo in this double-blind, 

randomized trial on 128 patients. Analyzed by log-rank test, no significant advantages 

were observed in cessation of viral shedding or lesion healing. Indeed, high dose 

interferon delayed healing significantly, presumably as a result of its antiproliferative 

effects. Scabbing of lesions was also seen less frequently in those treated with low dose 

interferon. Low dose interferon (but not high dose) was associated with a reduction in 

new lesion formation (P=0.006). The end of new lesion formation, as well as scabbing 

and lesion healing were all statistically superior in patients treated with low dose compared 

with high dose interferon. Further work with dosage adjustments and treatment periods, 

along with more frequent patient evaluations may help to elucidate the role for topical 

interferons and/or combinations in the future. 
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LESSONS FROM PREVIOUS STUDIES 

The problems and successes with drug trials that have preceded, teach us that in 

designing a chemotherapeutic trial for a new compound, major categories of disease with 

proven (or suspected) differences in disease natural history must be separately studied. 

This will not only help us to avoid the pitfalls of completing biased studies, but will also 

help us to design each trial with objectives appropriate to the therapeutic expectations. 

Major categories of disease requiring separate analysis are outlined in Table 3. 

Table 3 Categories of genital herpes requiring separate analysis 

First-episode disease 

- Primary infection as defmed by 

seronegativity at onset 

- Nonprimary, initial infection. 

- Men vs. women. 

- HSV-l vs. HSV-2? 

Recurrent Disease 

- Culture negative vs. culture-positive. 

- Men vs. women. 

- Patient-initiated vs. clinic-initiated and/or 

prodrome-initiated vs. lesion-initiated. 

- Genital vs. oongenital (buttock, thigh). 

- Lesion size at presentation. 

When studying recurrence suppression, patients need to be categorized on the 

basis of both their frequency and duration of infection before the study. Several 

parameters of efficacy have been utilized in clinical trials. These are outlined in Table 4. 

The most crucial efficacy parameters in any study are times to healing and loss of 

viral shedding. Either parameter satisfied alone is insufficient without the other, since 

virus shedding must be reduced as an objective demonstration of efficacy, but an antiviral 

effect alone offers the patient no measurable clinical benefit. Ideally, an agent will also 

modify the duration of symptoms, in order to be of symptomatic benefit. New lesion 

formation may be relevant, in that it may be a more sensitive marker of prophylactic 

antiviral effect. However, in a trial of a topical agent, it should only be applied to new 

lesions in the treated area. Since the minority of recurrent episodes are associated with 

new lesion formation, this parameter might be more appropriately categorized as a new 

episode, although for primary infection, new lesion formation would seem to be a natural 

part of the disease evolution process in most patients. 

Another potentially important efficacy parameter might be the analysis of 

nonlesional episodes. In a patient-initiated, prodrome-initiated trial, this could be a 

potential outcome of successful therapy. Unfortunately, this parameter has been under

reported. Its incidence may range from 5% to 40% with no treatment. Therefore, an 

efficacy trial should account for this random distribution in its projections for patient 

numbers. One would assume that a beneficial drug effect would consistently raise the 
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Table 4. Parameters of efficacy utilized in clinical trials. 

Presenting lesion characteristics 

Time to healing 

Time to crusting. 

Duration of vesicle/ulcer. 

Time to near-healing Qoose crust). 

Duration of virus shedding (or change 

in viral titre). 

Duration of pain/tingling. 

Duration of itching. 

Prodromes 

Incidence at the genital site. 

Incidence at remote site. 

Culture status during prodrome. 

Duration of prodrome. 

Incidence of evolution into lesions. 

New lesion characteristics· Related nOniesionai disease· -

Incidence of formation in treated area. incidence. seyerjtv 

Incidence of formation in untreated areas. Lymphadenopathy incidence. 

All parameters as for presenting lesion. Headache. 

* Probably important to follow only in primary infection. 

Dysuria. 

Sacral paresthesia. 

Fever. 

Cervicitis. 

Pharyngitis. 

Malaise 

number of nonlesional episodes above the reported "normal range", or alternatively, 

establish a more proper normal range through careful, large-scale analyses of new trials. 

What does one do about the nonlesional prodrome in the analyses for other efficacy 

parameters? If culture-negative and excluded, this might bias strongly against a therapy 

directly proportional to its degree of effectiveness. If included in the analysis, should the 

data be recorded as zero time to healing?; or one day?; or varied based on the duration of 

prodromal symptoms? If included in the overall analyses, healing times may be reduced to 

unrealistically short intervals (41). Another option might be to ask patients to obtain 

cultures themselves, at home, prior to starting therapy, although the number of culture

positive prodromes may be low. Furthermore, what should be done about remote 

prodromes? In other words, where should topical treatment be applied, e.g., during sacral 

paresthesias? If the usual site where drug is applied turns out to be different from the 

actual lesion site, it would be a difficult task to separate them for analysis since, on the one 

hand they might be counted as new lesions in an untreated area, or, on the other hand, as 

original lesions. Another trial design alternative would be to delay treatment in a patient-
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initiated trial to the onset of lesions. This, combined with home cultures would obviate the 

selection bias problem, but works against the need to direct drug to the site of viral 

replication at the earliest possible moment. 

It may be necessary to perform at least two trials for analysis of drug efficacy. The 

first, a lesion-initiated trial of established lesions will provide good data on duration of 

viral shedding and time to healing in groups separated by their culture status before 

therapy. If early events are missed, a prodrome-initiated trial will be used to assess for 

nonlesional episodes. Indeed, these trials can be conveniently done on sequential episodes 

in one patient. If the first episode is clinic-initiated, there is no need to confirm culture 

status before enrollment, since only the culture-positives will be analyzed for efficacy in 

that episode, and rerandomized for the patient-initiated phase. 

Men and women should be separately analyzed and, therefore, separately 

randomized. Several studies (15,39) have now demonstrated that men take longer to heal 

than women. It is no more acceptable to lump them together in analyses than to lump any 

other mixed population, such as culture-positives and culture-negatives or primaries and 

nonprimaries. This may present a problem in studies of first episodes where it may be 

unrealistic to expect enough male patients to present for analysis. I would propose that 

demonstration of efficacy in male first episodes not be required, if efficacy is demonstrated 

in females. There should be little problem in finding sufficient numbers of both men and 

women with recurrent disease. 

Patients should report for treatment in less than 24 hours and, ideally, in under 6 to 

12 hours for recurrent disease. It is probably impossible to change the course of a 5 or 6 

day outbreak after 24-48 hours have passed before treatment. This adds inconvenience to 

a study, but more closely reflects the "real-life" situation of treatment since most patients 

will be able to apply drug at home quite quickly after symptom onset. First episode 

patients have been generally enrolled up to 5 days after symptom onset. From a practical 

point of view, this 5 day allowance is usually a necessity. However, nonprimary disease 

cannot be adequately assessed under these conditons, and this may be reflected in the 

generally poor showing of agents in the treatment of this condition. One solution would be 

provided by the availability of rapid tests for serologic status at the time of enrollment. It 

may be necessary, however, to reduce allowable enrollment to 48 hours or less in all first 

episodes. From the ethical point of view, first episode trials should no longer be placebo 

controlled, since oral acyclovir has been shown to reduce complications (27) and, 

possibly, long-term recurrence rates (43). 

Followup regimens for recurrent disease should likely be held on a daily basis, 

until healing, in order to avoid false delays in derming times to healing and other efficacy 

parameters, solely based on gaps between study visit days. If an effective drug will 
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improve times by only 1 day, it makes little sense to skip days during the trial. Ideally, 

hours of the day will be recorded, as well, in order to define times as clearly as possible. 

This means recording the time of prodrome onset, lesion onset, and clinic followup visits. 

Home records are of demonstrated value (22,23), but must be interpreted only in 

conjunction with objective data. It is reasonable to accept an educated patient's self

recorded healing time, if and only if, the record is reviewed daily and the investigator 

agrees with the assessment the next day. 

It remains to be determined if lesion size determines outbreak duration or severity. 

However, for now, it makes sense to separately analyze outcome on the basis of lesion 

size at presentation. If no differences occur among groups, then collective analyses would 

be logical. This would also apply to areas where larger lesions are typical, e.g., the 

buttocks and thigh areas, and other "non genital" sites. 

SUMMARY 

Unfortunately, eradication of latent infection remains impossible once disease is 

established. Nevertheless, major advances in chemotherapy have allowed us to modify the 

natural history of genital infection. At this time, treatment is appropriate for selected 

patients: 

Immunocompromised hosts 

Treatment of active disease is indicated during periods of peak compromise using 

intravenous or oral acyclovir. Topical acyclovir has only limited benefit, and is of little 

practical consideration. Prophylaxis of seropositives in high risk groups with oral 

acyclovir, or alternatively, intravenous acyclovir where mucositis prevents oral treatment. 

First episode infection in the normal host 

Early systemic treatment benefits primaries who may be indistinguishable from 

nonprimaries on initial presentation. Oral acyclovir is especially useful for prevention of 

new lesion formation. It may shorten the course of painful lymphadenopathy and/or 

dysuria, and some investigators feel that it is associated with a long-term reduction of 

lesion frequency in certain patients. 

Topical therapy with polyethylene-glycol-based acyclovir is only of minor benefit 

in primary infection. Systemic treatment is superior. The aqueous cream base looks more 

promising, but further studies are needed to verify the results. Adding topical therapy to 

systemic therapy is of no benefit 

Active treatment of recurrent disease 

Intravenous acyclovir is not of practical use. Oral acyclovir shortens the duration 

of lesions and the period of viral shedding by about 1.0 to 1.5 days. Symptoms are not 

consistently altered by treatment. Its major effects are on prevention of new lesion 
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fonnation. Distributions of culture-positive and culture-negative episodes have frequently 

biased studies in favor of drug recipients. One study showed an increase in the percentage 

of episodes which are nonlesional when treatment is prodrome-initiated. Topical acyclovir 

in polyethylene glycol is of no benefit in recurrent infection. The aqueous cream 

fonnulation offers theoretical benefits, but only one study has been reported, which is 

inconclusive because of its small size and unusual distribution of culture-positives and 

culture-negatives. 

Suppression of frequent recurrences 

Beneficial and highly reproducible reductions in frequency rates of lesional 

episodes are seen during the therapy period. The long-term effects are unknown. 

Effective dosing ranges from 200 mg twice daily to five times daily, or 400 mg twice 

daily. Breakthrough lesions and asymptomatic virus shedding may occur infrequently on 

therapy. Nonlesional prodromes may actually increase in some patients. 

CONCLUSIONS 
The state of the art suggests that the most severely affected individuals will receive 

the greatest benefits from intervention. Following selected guidelines in the conduct of 

clinical trials will allow us to test new agents with care, so that the best possible and most 

realistic effects are recorded. 

The next major step forward must make chemotherapy available to the average 

patient with genital herpes. Without cure, or, alternatively, absolutely safe and totally 

complete control, patients with herpes continue to seek reduction in symptoms. For most, 

however, prevention of transmission to partner or newborn is the first priority and, to date, 

no therapeutic agent offers more protection than barrier contraception and avoidance of 

symptomatic lesion contact. The average recurrent herpes patient is not symptomatically 

affected to a degree which calls for the use of an expensive, systemic nucleoside analogue. 

If oral acyclovir in recurrent herpes could be shown to consistently reduce lesion 

development or symptom duration with prodromal use, the situation might be different. 

Eventually, acyclovir's long-tenn safety record, or modification of its pharmacokinetic 

problems through use of its prodrug (95) may make its use more appropriate for the mild 

to moderately affected person with herpes. For now, the vast majority of patients will 

benefit most from proper diagnosis, education, counselling, and control of treatable genital 

infections. Therapy in these cases should be limited to prevention of complications, i.e., 

autoinoculation, neonatal herpes, transmission to partners, and/or complications of 

inappropriate therapy such as steroids, antibiotics, and occlusive ointments, as well as the 

elimination of fruitless ingestion of "alternative substances". 
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In order to provide symptomatic relief without attendant risk, many compounds are 

under continued study in topical formulations. So far, none are of proven benefit in 

recurrent disease. A successful agent will provide a cosmetically acceptable formulation 

which is well-absorbed into skin, but poorly absorbed into the general circulation. Ideally, 

it should have no significant local or systemic adverse effects, while providing acceptable 

antiviral activity to the site of infection. A reduction in virus shedding duration and time to 

healing should be demonstrated. Symptom relief should be more rapid with drug use and, 

ideally, the agent will reduce the number of lesional episodes when used early in a 

prodromal period. Such a practical tool has remained elusive to date - partly because we 

await new invention, and partly because we are still learning how to demonstrate the 

effects of new agents in clinical trials. 
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ABSTRACT 

Herpes simplex virus (HSV) infection is a major cause 

of morbidity in immunosuppressed patients. In rare 

instances HSV infection also may be a primary cause of 

death. The natural history of these infections has been 

well described in selected patient popUlations. The 

temporal occurrence of HSV infections is predictable in 

many immunosuppressed patients. Advances in antiviral 

therapy have led to the development of compounds which 

inhibit HSV replication. Carefully conducted, controlled, 

randomized, double-blind clinical trials have demonstrated 

that acyclovir is currently the most effective therapy for 

the treatment of established HSV infections in 

immunosuppressed patients. 

Viral infections are major causes of morbidity and 

mortality in immunosuppressed patients (1). The herpes 

viruses have been among the most carefully studied groups 

of viruses causing infections in this heterogenous patient 

popUlation. This manuscript will discuss therapeutic 

approaches to herpes simplex virus (HSV) infections in 

immunosuppressed patients. 

The natural history of HSV infections in 

immunosuppressed patients stands is marked contrast to that 

seen in normal individuals. While primary infections with 

HSV may be severe in normal individuals, reactivation 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
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disease is generally self-limited. Studies done by 
Spruance (2) and Guinan (3) have defined the natural 
history of reactivated oral and genital HSV in normal 
individuals and demonstrated that viral shedding in lesions 
is short lived, pain is not severe and healing occurs 8 to 
12 days after onset. In immunosuppressed patients primary 
infections with HSV are rarely encountered. Reactivated 
HSV infections, however may cause significant morbidity 
and rarely mortality (1). The natural history of these 

infections has also been well studied, particularly as a 
part of carefully designed, randomized, double blind, 
placebo controlled clinical trials evaluating therapeutic 
approaches to HSV infections in immunosuppressed patients 
(4,5). The placebo arms of these studies show that viral 
shedding in lesions may persist for 2 to 3 weeks. Pain may 
be very severe and healing may not occur for 3 to 4 weeks. 
The tissue destruction caused by reactivation of HSV in the 
immunosuppressed patient results not only in pain but in 
disruption of natural barriers in the oral and genital area 
increasing the risk for both bacterial and fungal 
infections. Since many of these patients may have altered 
granulocyte function or absence of granulocytes, related to 
their disease or its treatment, disruption of these natural 
barriers may create sites for local infection and may also 
increase the risk of bacteremia and fungemia. HSV 
esophagitis is another clinical problem seen in 
immunosuppressed patients with reactivated infection. In 
addition to the risks of local and disseminated bacterial 
and fungal infections, the pain created by reactivated HSV 
infections of the oral cavity and esophagitis reduces oral 
intake and may create the need to increase parenteral fluid 
supplementation and to provide or increase nutritional 
supplementation. In rare instances HSV pneumonia may 
occur, leading to respiratory failure (6). Viremia also 
may occur, leading to disseminated HSV infection. In the 
pre-antiviral era, pneumonia and viremia were universally 
fatal complications. 
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An important feature of reactivated HSV infections in 

immunosuppressed patients is their predictability of 

occurrence (17). While this generalization may not be 

applicable to all patient populations, several different 

groups of immunosuppressed patients who have been carefully 

studied demonstrate remarkably similar patterns of 

reactivation of HSV. In all groups studied the occurrence 

of HSV infection appears to be reactivation of HSV rather 

than primary infection. Patients at risk are those who 

have evidence of latent virus determined by preexisting 

antibody. One of the first group of patients studied were 

renal transplantation recipients (8). Reactivated HSV 

infections were generally seen in the first month following 

transplantation. Similar observations have been made in 

cardiac transplant recipients (9). We and others have used 

bone marrow transplant recipients as a model for studying 

herpes virus infections. In this group of patients, HSV 

infections occur in 70 to 80% of all seropositive 

individuals. The median day of onset is 18 days after 

treatment with chemotherapy or 8 days following bone marrow 

transplantation. We extended our observations to patients 

with acute leukemia receiving intensive chemotherapy and 

found that seropositive patients with pretreatment antibody 

titers of 1:16 or greater had a 65% incidence of HSV 

infection occurring a median of 17 days following 

initiation of chemotherapy (1). This temporal occurrence is 

remarkably similar to observations made in bone marrow 

transplant recipients and to those made in organ transplant 

recipients. 

appear to be 

There are other groups of patients who would 

at risk for reactivated HSV infections who 

have not yet been carefully studied. Patients with 

non-Hodgkin's lymphoma frequently receive repetitive 

intensive chemotherapy and, although we have not 

prospectively studied HSV infections in this patient 

population, we have seen patients who have reactivated HSV 

with clinically significant infections following 
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chemotherapy in a time frame similar to that observed in 

leukemics and bone marrow transplant recipients. The exact 

mechanisms that trigger reactivations of latent HSV in 

immunosuppressed patients are complicated and incompletely 

understood. However, the temporal occurrence is of 

importance for two reasons. Firstly, it allows the 

clinician to evaluate patients carefully during the "period 

of risk" to define such lesions so that early antiviral 

therapy might be initiated. Secondly, we believe that the 

occurrence of predictable disease leads to an alternative 

approach to the treatment of established HSV infection, 

namely suppression of the virus with antiviral therapy 

during the "period of risk". 

If this chapter had been written ten years ago, the 

primary purpose of a chapter on the therapy of HSV 

infection in immunosuppressed patients could be dispensed 

within a few sentences. Fortunately, that is not the case 

at present. The early experience with antiviral therapy 

for herpes simplex virus infections is of importance mainly 

because the initial and subsequently unsubstantiated 

reports of success were based on anecdotal case studies. 

Cytosine arabinoside and iodoxuridine were felt to be 

effective antiherpes agents when given systemically to 

patients with established infection (10,11). Yet, when 

controlled clinical trials were conducted each of these 

agents was found to be highly toxic and of no clinical 

value of the treatment of herpes virus infections (12,13). 

In fact our leukemia patients currently receiving 

cytarabine as therapy for their leukemia and seropositive 

patients (antibody titer of 1:16 or greater) have a 65% 

rate of reactivation of HSV attesting to its lack of 

efficacy as an anti-HSV drug. The true test of 

efectiveness of anti-HSV therapy can best be determined by 

examining the results of prospective, controlled, 

randomized, double-blind clinical trials. In fact there 

are such trials and they demonstrate the efficacy of 
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antiviral agents in the treatment of HSV infections in 

immunosuppressed patients. 

Vidarabine was the first drug approved by the Food and 

Drug Administration for the treatment of serious HSV 

infections in man. Although the clinical trials of 

vidarabine as treatment of mucocutaneous HSV infection in 

the immunosuppressed patient were published after trials 

evaluating acyclovir, in this review we will examine 

vidarabine prior to acyclovir since it was available for 

clinical trials much earlier. Eighty-five immunosuppressed 

patients with documented mucocutaneous HSV infection were 

randomized to receive vidarabine or placebo (14). Patients 

who received vidarabine had more pain relief than placebo 

recipients (P = 0.0099) and a shorter duration of fever (P 

= 0.03). However, no statistical significance was noted in 

several other important variables although trends favoring 

the vidarabine group emerged in this trial. These 

variables included cessation of viral shedding, time of 

cessation of new lesion formation (P = 0.12) and earlier 

time to crusting (P = 0.2). The results of this trial, 

when compared to trials evaluating acyclovir in the 

treatment of HSV infections, are clearly less impressive. 

However, to truly place the role of vidarabine in 

perspective with acyclovir as a treatment for HSV 

infections in the immunosuppressed patient, a direct 

comparison of these two compounds in clinical trials would 

be optimal. When one considers the other advantages of 

acyclovir, however, it is unlikely that such a clinical 

trial will be performed. 

The synthesis of acyclovir and early in vitro studies 

evaluating its mechanisms of action suggested that this 

compound would be a major development in HSV therapy (15). 

Clinical trials have confirmed the early speculations and 

acyclovir is currently the treatment of choice for HSV 

infections in immunosuppressed patients. The intravenous 

formulation of acyclovir was initially evaluated in a 
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multicenter clinical trial which was prospective, 

controlled, randomized and double-blinded. Ninety-seven 

patients with established lesions that were HSV culture 

positive were randomized to receive acyclovir or placebo 

(5). The most dramatic effect of acyclovir was on virus 

shedding. Patients receiving acyclovir were free of virus 

in lesions after a median of 2.S days compared to a median 

of 16.S days for patients receiving placebo (p<0.0002). 

There was also a statistically significant effect of 

acyclovir treatment on pain (p<O.Ol), scabbing (p<0.004) 

and time to healing (p<0.004). In this clinical trial 

acyclovir was administered in a dose of 250 mg/M2 every 

eight hours. 

Topical acyclovir has also been evaluated in the 

treatment of HSV infection of the lips and skin in 63 

immunosuppressed patients (4). In this placebo controlled 

clinical trial patients who received acyclovir had more 

rapid cessation of viral shedding (p<O.OOI), pain loss 

(p<0.004) and healing (p<0.03S). The results of this trial 

are very similar to those reported by investigators 

evaluating intravenous acyclovir. 

Oral acyclovir has been extensively studied in the 

treatment and prevention of HSV infection in normal 

individuals. Only one study evaluating oral acyclovir in 

immunosuppressed patients exists in the literature but the 

results are very similar to those achieved with the 

intravenous or topical formulations (16). Twenty-one bone 

marrow transplant recipients were randomized to receive 

either SOO mg of oral acyclovir five times a day or 

placebo. Acyclovir significantly shortened the duration of 

viral shedding (p<O.OOS), new lesion formation (p<0.003), 

time to first decrease in pain (p<0.04) and healing 

(p<O. 01) . 

In summarizing the clinical trials of acyclovir, it is 

clear that all formulations of the drug (intravenous, 

topical and oral) are potent inhibitors of HSV infections. 
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For immunosuppressed patients with documented HSV 

infections the clinical presentation should probably 

determine the mode of therapy prescribed. In hospitalized 

patients we prefer the use of intravenous acyclovir using a 

dose of 250 mg/M2 every 8 hours, acknowledging that the 

optimal dose and schedule may not yet have been defined. 

If lesions are only external, then topical acyclovir as a 

5% ointment may be used six times daily. The trial 

evaluating oral acyclovir for the treatment HSV infections 

in immunosuppressed patients used a dose of 800 mg five 

times daily. In other patient populations the dose of oral 

acyclovir used to treat established HSV infections was 200 

mg five times a day. Therefore in immunosuppressed 

outpatients who develop HSV infection the optimal oral dose 

of acyclovir to treat dose established HSV infection has 

not yet been defined in clinical trials. 

In immunosuppressed patients who have predictable 

patterns of HSV reactivation and disease, we recommend the 

use of acyclovir prophylactically as outlined in previous 

studies (17,18). This approach is discussed in greater 

detail in another chapter in this monograph. 

Side effects attributable to acyclovir have been 

infrequently reported. The major side effects have been 

noted with the intravenous formulation of acyclovir. 

Rarely reversible renal dysfunction secondary to 

intravenous drug may occur but may be prevented with 

adequate hydration and infusion of the drug over an hour. 

Central nervous system toxicity also has been associated 

with the intravenous formulation and is characterized by 

agitation, tremor, altered mental studies and obtundation. 

Most of the patients experiencing this sid~ effect have 

been extremely complicated patients receiving multiple 

medications with multiple medical problems. The oral 

formulation produces very few side effects, but nausea, 

vomiting, headache, and diarrhea have been reported and 

these same symptoms have been noted with intravenous 
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acyclovir. The use of topical acyclovir may be associated 

with local irritation. Only with greater use of the drug 

and careful monitoring will rare or identified and placed 

in perspective long term side effects. 

A potential problem with the use of acyclovir as 

treatment for established HSV infection is the development 

of drug resistance. The definition of resistance has 

varied from laboratory to laboratory and is quite dependent 

on the host cell used for viral growth, the medium in which 

the cells are grown and the multiplicity of viral 

infection. Although no precise definition has emerged, an 

arbitrary definition of resistance using in vitro 

susceptibility (I050, the concentration of drug required to 

inhibit viral growth by 50%) would classify HSV strains as 

resistant if the I050 is greater than 2 ug/ml. In one 

clinical study using acyclovir to treat established HSV 

infections in bone marrow transplant recipients, 3 of 52 

patients were found to have relatively resistant viral 

isolates present after initiation of therapy (19). 

Perhaps more important to the potential pathogeneicity 

of resistant strains is the biochemical basis for 

resistance. There are three mechanisms whereby resistance 

may occur. The resistant virus may lead to the 

productional a reduced amount of a normal thymidine kinase, 

an altered thymidine kinase or an altered DNA polymerase. 

The majority of resistant isolates cultured from humans 

have been thymidine kinase deficient strains which are 

relatively non-virulent when studied in animal models. 

Although HSV strains with an altered thymidine kinase have 

been isolated in man and neurovirulence in animal models 

has been demonstrated, the pathogeneicity of these strains 

in humans has not been determined (20). To date no HSV 

strains with altered DNA polymerase have been recovered in 

man. 

Although "resistant" strains have been isolated from 

patients durin~therapy they do not seem to persist. 



123 

Patients who have these strains generally heal their 

lesions and when they reactivate the HSV that is cultured 

is sensitive to acyclovir suggesting that in man the 

resistant strains isolated to date cannot establish 

latency. 

One theoretical way to minimize the emergence of 

acyclovir resistance is to use the drug prophylactically 

rather than as therapy for established HSV infection in the 

immunosuppressed patient. The use of acyclovir when viral 

burden is low or not present is less likely to result in 

the emergency of drug resistance, than if the drug is used 

to treat active HSV infection when viral burden is high 

(21). In fact we have given acyclovir prophylactically to 

over 200 patients and have observed only one patient who 

had one isolated culture positive for HSV without lesions 

while on the drug. In addition, we have never isolated a 

resistant strain of virus from patients who received the 

drug prophylactically. 

The fact that, to date, resistant strains have not 

emerged as a significant clinical problem in 

immunosuppressed patients should not stop ongoing research 

to determine whether such isolates will emerge with the 

increasing use of acyclovir. 

With the availability of acyclovir the need for 

additional antiviral agents directed at HSV might at first 

glance be questioned. However, studies done on resistant 

HSV strains have shown that they may remain sensitive to 

other nucleoside analogues or to pyrophosphate analogues 

(20). Therefore it is important to search for additional 

anti-HSV agents which may be used in future situations 

where resistant strains are responsible for significant 

infections in immunosuppressed patients. 

At present there are other drugs, apart from acyclovir 

and vidaribine, that are available as experimental agents 

and that inhibit HSV replications in vitro. These include 

BVDU, phophonoformic acid, the halogenated pyrimidine 
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nucleosides (FIAC, FIAU, and FMAU) and interferon. However, 

not all these drugs have been evaluated in controlled trials; 

hence the question arises whether they are efficacious in 

the treatment of HSV infections. Furthermore, there are 

suggestions that they are potentially more toxic than 

acyclovir. 

One potential supplement to acyclovir in the treatment 

of HSV infections might be vaccination as an adjunct to 

treatment and prophylaxis. Studies in bone marrow 

transplant recipients demonstrate that immunization with 

"recall" antigens like tetanus on the day of 

transplantation stimulates both a humoral and cellular 

response to the specific antigen. If any appropriate HSV 

vaccine were available one approach to preventing recurrent 

HSV disease might be to immunize the patient while 

concurrently treating or suppressing the patient. 

Presumably the immunization might boost the immune response 

while the drug (acyclovir) exerted its antiviral effect. 

Theoretically this approach may reduce recurrences of HSV 

infection. This is currently speculation but might be one 

of the areas of clinical research to pursue in the future. 

Clearly the past few years have seen major advances in 

antiviral therapy. These advances have been translated into 

effective and safe therapy of HSV infections in 

immunosuppressed patients. With the availability of such 

therapy the morbidity and mortality associated with HSV 

infections have been markedly reduced. 
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ABSTRACT 

Treatment of varicella-zoster virus (VZV) infections must be based 011 

multiple factors. including the patient's immune status. age. and clinical 

presentation. Intravenous acyclovir therapy is the preferred treatment for VZV 

infections in immunocompromised hosts and those normal individuals with severe 

disease. Immunocompetent hosts with herpes zoster may be managed as outpa

tients with high doses of oral acyclovir. At present. topical therapy has no 

role in the treatment of VZV infections. Further studies with acyclovir and 

its derivatives. a.s well as several unrelated antiviral agents. may enable 

oral therapy of VZV infections in the future. 

INTRODUCTION 

The importance of varicella-zoster virus (VZV) infections has become in

creasingly appreciated over the past decade due to the sizable morbidity and 

mortality associated with infection in high-risk patients. Although the inci

dence of other childhood diseases has been dramatically reduced in developed 

countries. varicella remains a common clinical disease today. Complications in 

normal children are not uncommon. Reactivation of VZV. or herpes zoster. in 

both the normal and immunocompromised host is frequently seen by many primary 

care providers. The growing number of high-risk patients. the lack of a licen

sed vaccine in most countries, and the relative ineffectiveness of immunoglo

bulin prophylaxis have contributed to the demand for effective antiviral the

rapy. 

MECHANISMS OF ACTION 

A number of antiviral compounds are currently known to be active in vitro 

against VZV and other herpesviruses. The lack of a good animal model for VZV 

has limited the development and testing of antiviral compounds directed 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 



128 

against this virus. The antiviral effect of these agents can be compared in 

various cell culture systems, but many factors need to be considered before 

drugs can be introduced into clinical studies. In vitro methods have been - ---
devised to compare a drug's ability to terminate viral replication with the 

toxic effect of the drug on host cellulc.r metabolism. One such measure, a 

"selectivity index", contrasts a drug's ability to inhibit viral replicatior. 

with its effect on human fibroblast DNA synthesis (Table 1) (1). 

Determination of the mechanism and site of action of the antiviral agent 

is important in evaluating and predicting possible drug efficacy. A =jor 

class of antiviral compounds active against the herpes family of viruses inhi

bits replication of viral DNA directly. These include vidarabine (adenine ara

binoside, ara-A), acyclovir [9-(2-hydroxyethoxymethyl)guanine], and phosphono

acetic acid (PAA). Both acyclovir and PAA inhibit the viral DNA polymerase, 

whereas vidarabine may affect several sites of viral DNA replication. Acyclo

vir, a purine analogue, acts as a substrate for viral thymidine kinase. Acy

clovir is phosphorylated by thymidine kinase to acyclovir-monophosphate and 

further phosphorylated to acyclovir-triphosphate by cellular host enzymes. 

Acyclovir-triphosphate is the active inhibitor of viral DNA polymerase (2). 

Phosphonoformate (PFA) is a close analogue of PAA and has similar mechanisms 

of action (3). BVDU [~-5-(2-bromovinyl)-2'-deoxyuridine] is another antiviral 

Table 1. In vitro drug efficacy against VZVe 

Compound 

IVDU 
BVDU 
BVDC 
Acyclovir 
Phosphonoacetic acid 
V idarabine 
Idoxuridine 

a 

vzv 

0.0015 
0.0024 
0.025 
4.64 
8.74 
1.62 
1.38 

REF DNA 
synthesis 

100 
100 
100 
180 
130 

5 
0.8 

Selectivity 
index 

66,667 
41,666 
4,348 

38.8 
14.9 
3.1 
0.58 

bAdapted from Shigeta et al. (1). 
Median sensitivity for patient isolates in our laboratory and from literature 
is 0.93 pg/ml. 

REF = human embryonic fibroblast cells. 
IVDU E-5-(2-iovinyl)-2'-deoxyuridine. 
BVDU = E-5-(2-bromovinyl)-2'-deoxyuridine. 
BVDC ~-5-(2-bromovinyl)-2'-deoxycytidine. 
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agent which is phosphorylated by viral thymidine kinase to becomE an active 

inhibitor of tht viral DNA polymeras~ (4). Other antiviral agents, such as 

idoxuridine (S-iodo-2'-deoxyuridine), act via competitive inhibition with thy

".lidine at phosphorylation steps. Idoxuridine eventually becomes IdTTP and is 

incorporated into DNA, which may result in the loss of proteih synthesis (3). 

Naturally occurring cellular derivatives have also been investigated for 

use as antiviral agents. Interferon, an antiviral protein made in human leuko

cytes and other cells infected by viruses, has been shown to inhibit viral re

plication through the induction of an antiviral protein which interferes with 

viral transcription. Adenine monophospl"-ate (AMP), a purine nucleotide, is an 

intermediate in cellular metabolism and nucleic acid synthesis. This compound 

is dephosphorylated by the cell plasma membranes in vitro. The exact mecha

nisms for this agent remain unclear, but it is believed that the antiviral ac

tivity is caused by the production of a viral subunit protein that alters vi

ral transcription (5,6). 

Knowledge of both the mechanism of action and the in vitro sensitivity 

are often insufficient due to the complexity of the interactions among the vi

rus, host, and drug. For example, vidarabine has a reasonably low IDSO (a 50 % 

reduction in the yield of ir,fectious virus) for VZV in vitro, and the selecti

vity ratio as determined by Shigeta et al. is about 10-fold lower than that of 

acyclovir. However, this compound is rapidly deaminated in vivo to hypoxan

thine arabinoside, a metabolite with minimal antiviral effect against VZV (1). 

TREATNENT OF PRIMARY VARICELLA INFECTIONS 

Immunocompromised host 

The advent of effective chemotherapeutic regimens for the treatment of 

childhood diseases and malignancies has dran;atically changed the clinical im

pact of VZV infections. The morbidity and mortality in immunocompromised chil

dren who are primarily infected with VZV are now well appreciated. A study of 

60 children undergoing chemotherapy at the time of primary varicella infection 

revealed a visceral dissemination rate of 32 % and a mortality rate of 7 % 

(10). Fatality rates of 21 % to 50 % have been reported in patients with vis

ceral varicella who are not treated with antiviral drugs (7-10). Life-threate

ning complications, including pneumonitis, hepatitis, coagulopathy, small bo

wel obstruction, encephalitis, and secondary bacterial complications contri

bute to morbidity and mortality. Acute leukemia and lymphopenia, with an abso-
3 lute lymphocyte count of less than SOO/rom , have been associated with pneumo-



130 

nitis and a higher fatality rate (10). 

Passive immunization with varicella zoster immune globulin (VZIG) has 

been found to decrease the incidence of pneumonitis and other forms of visce

ral dissemination, but has not significantly changed the attack rate of VZV in 

immunocompromised children (10). High titered zoster immunoglobulin has been 

shown to be an ineffective treatment for varicella (ll). Although there are 

anecdotal reports concerning the use of polyvalent intravenous immunoglobulin 

in the treatment of varicella (12), no controlled trial has been published. 

However, antiviral therapy of primary varicella in immunocompromised hosts has 

been actively investigated. Many antiviral compounds are effective in vitro 

against VZV, but well organized, placebo-controlled, double-blind studies have 

been carried out with only three drugs: vidarabine, acyclovir, and alpha-in

terferon. 

Vidarabine. Vidarabine (ara-A, adenine arabinoside) was the first antivi

ral compound with an acceptable therapeutic index to be effective against va

ricella in controlled clinical trials. The initial double-b] ind crossover 

trial of vidarabine therapy for chickenpox revealed that viral replication was 

reduced, cutaneous healing was accelerated, and toxicity of the drug was ne

gligible (13). A subsequent placebo-controlled trial of 34 patients, who began 

treatment within 72 hours of onset of disease, clearly demonstrated the supe

riority of vidarabine treatment over placebo (8). A significant reduction in 

the apperance of new lesions and duration of fever was noted. Most important

ly, the incidence of varicella-related complications was reduced from 62 % to 

5 %. Vidarabine toxicity includes bone marrow suppression, and tepatic and CSN 

dysfunction. These findings are relatively infrequent in adults, and even less 

common in children. Disadvantages of vidarabine therapy include the relatively 

large volume of fluid required for administation of the drug, and the necessi

ty of intravenous administation. 

A recent prospective trial comparing acyclovir with vidarabine for the 

treatment of varicella in immunocompromised children had to be terminated pre

maturely after severe and irreversible neurotoxicity developed in a child gi

ven vidarabine (14). wllen all 34 cases of varicella treated with vidarabine 

were evaluated, six documented cases (16 %) of vidarabine-associated neuroto

xicity were found. Severe sequelae, including intellectual and motor dysfunc

tion, and irreversible encephalopathy, were noted in some of these children. 

One case of fatal vidarabine-associated neurotoxicity in an adult with normal 

renal function has also been reported (15). Vidarabine appears to be clini-
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cally efficacious against VZV, but the potential for neurotoxicity makes it a 

less desirable first-line agent in the treatment of primary VZV infections. 

Acyclovir. Acyclovir has been shown to be an effective treatment for va

ricella. A double blind, placebo-controlled trial in immunocompromised chil

dren demonstrated that intravenous acyclovir given at a dose of 500 mg/m2 eve

ry eight hours for seven days prevented the development of pneumonitis or vis

ceral dissemination in all seven acyclovir treated patients as compared with 

five of 11 controls (16). No differences in viral shedding healing, or defer

vescence were noted in this small clinical trial. Subsequent uncontrolled stu

dies of intravenous acyclovir in the treatment of varicella in immunocompromi

sed children have been reported (17,18). A retrospective review of antiviral 

therapy in immunocompromised children with varicella revealed that both acy

clovir and vidarabine halted the progression of skin lesions but that pneumo

nitis developing after two days of therapy was significantly more common in 

patients receiving vidarabine than acyclovir (29 % vs. 0 %) (10). Most remar

kably, acyclovir therapy has been shown to be beneficial even in disseminated 

disease when therapy was initiated after the second day of illness (17). How

ever, fatalities due in part to viral dissemination were noted in two of four 

patients who began acyclovir therapy more than five days after onset of di

Dease. Recurrence of VZV in severely immunocompromised patients after acyclo

vir therapy has also been reported (19). Because VZV strains resistant to acy

clovir have not been documented during or after acyclovir therapy (20), viral 

resistance is not the major factor responsible for recurrent disease in these 

individuals. 

The transient elevation of serum creatinine due to cyrstallization of the 

drug in the renal tubules has been demonstrated with high dose intravenous 

therapy (21). This finding appears to be aggrevated by dehydration or impaired 

renal function (22). Reversible neurological symptoms associated with acyclo

vir administration have been r~ported in bone marrow transplant patients (23) 

and an adult on chemotherapy (24), although this appears to be a rare occur

rence. Patients who developed neurotoxicity were characteristically on multi

ple therapeutic agents, and the dosage of acyclovir varied considerably. The 

use of acyclovir in other studies of high risk children and adults has not 

substantiated this finding (10,14,17). 

The value of oral acyclovir for the treatment of varicella has not yet 

been determined. The ID-50 of VZV in vitro is approximately 4 pM, nearly 100 

times higher than that of herpes simplex virus. This must be compared with 
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peak serum levelb of nearly 7 ~M obtaineo with the oral form of acyclovir at a 

dose of 800 mg five times daily (25). Anecdotal accounts of oral acyclovir in 

high risk children ",!th varicella have been reported (26), and controlled 

tl"ials are currently underway. Until results are available, we cannot recom

mend oral acyclovir for treatment of primary VZV in inmmnocomprol'lised pa

tients. In the future, new formulations of acyclovir derivatives with increa

sed bioavailability may have greater clinical utility. 

Alpha-interferon. Alpha-interferon has been studied in a randomized trial 

of primary VZV infection in 44 children undergoing chemotherapy (9). Treatment 

with either 4.2 x 104 or 2.55 x 105 U/kg every 12 hours was initiated within 

72 hours of the appearance of exanthema. This trial demonstrated a significant 

decrease in the mean number of days to cessation of new vesicle formation, but 

the survival rates in both groups were approximately 90 7.. However, the inci

dence of life-threatening complications in the survivors was reduced signifi

cantly in the treated group. One fatal case of recurrent viremia was noted at 

the end of the treatment period in a patient treated with hi8h dose interfe

ron. Adverse effects previously seen with interferon therapy, including leuko

penia or thrombocytopenia, were not noted in this study or in anecdotal case 

reports of interferon therapy in children (27). 

Other agents. Limited data from well controlled tirals of other antivi

rals are available. The need for easily administered, effective antiviral the

rapy is apparent due to the increasing number of immunocompromised children at 

risk for varicella, and the development of disease after unknown exposures or 

failure of VZIG prophylaxis. The antiviral BVDU is known to be an effective 

agent in vitro against VZV, and has been used orally at a dosage of 15 mg/kg/ 

day for 5 days in an uncontrolled study of varicella and zoster in immunocom

promised children (29). All 21 treated children recovered promptly and without 

sequelae, and no toxic side effects of the drug were observed. Further studies 

comparing available antiviral agents, and particularly oral formulations of 

these antivirals, must be performed to determine optimal therapy of varicella 

in these extremely high risk individuals. 

Conclusions. Clinical efficacy of vidarabine and acyclovir in the treat

ment of varicella in immunocompromised children appears to be similar. Alpha

interferon has not been extensively studied. A comparison of vidarabine and 

acyclovir in the treatment of herpes zoster in immunocompromised patients has 

demonstrated that acyclovir is superior (28). No large scale study for the 

treatment of primary varicella infection has been completed, due in part to 
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th., neurotox1.city of vidarabine in immunocompromised children. Based or; avai

lable data, intravenous acyclovir must be considered the treatment of choice 

for VZV infections in the immunocompromised patient. However, it is clear that 

any antiviral chemotherapy must be instituted as rapidly as possible, prefera

bly within three days after onset of illness. Therapy should ideally be ini

tiated prior to viscerRI dissemination to prevent unnecessary mortality and 

morbidity. 

TREATMENT OF PRI~LARY VARICELLA INFECTIONS 

Normal host 

Treatment of pri.m&ry varicella in the normal host has not been extensi

vely evaluated. In children, the disease is often benign, and infections in 

adults, although often more severe, are uncommon in developed countries where 

the prevalence of antibody against VZV by accurate assays may approach 100 % 

(30). Varicella in the high-risk age groups, including individuals less than 

one month of age or older than 19 years, accounts for less than 3 % of all 

reported cases of chickenpox in the United States (31). However, complications 

do occur in normal people. According to the Centers for Disease Control, an 

estj.mated 4500 to 6000 children (170/100, 000 cases) are hospitalized in the 

United States each year because of varicella. Significant complications, in

cluding Reye syndrome, encephalitis, or death, occur at a rate of 2-3 per 

100,000 cases. According to death certificates, an associated malignancy has 

been reported in only 16 % of the deaths related to varicella (31). 

Complications of varicella in the normal person may vary in significance 

and severity. Well known complications include secondary bacterial infection, 

pneumonia, encephalitis, hepatitis, otitis media, cerebellar ataxia, thrombo

cytopenia, and Reye syndrome. Acute cerebellar ataxia is the most common neu

rologic complication of varicella and occurs in approximately one in 4000 ca

ses among children less than 15 years (32). In adults, the development of va

ricella pneumonia is the most common complication and results in hospitaliza

tion about once in every 400 cases. 

Varicella infections in pregnant women are associated with significant 

morbidity. In a recent study, morbidity was noted in nine of 43 pregnant women 

with varicella, and four cases of varicella pneumonia and one fatality were 

reported (33). Serious congenital malformations have been reported in off

spring born to mothers who acquire primary varicella during pregnancy (33-35). 

Although acyclovir is not teratogenic in mice, rats, or rabbits (36), its use 
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in pregnancy to decrease the risk of congenital varicella cannot be recommen

ded at this time. The use of antiviral therapy as treatment for life-threate

ning disease in pregnant women may be necessary, and should be considered in 

cases of visceral dissemination. 

Neonates born to women who develop varicella within five days prior to 

delivery or two days after delivery are known to be at risk for serious or fa

tal disease (37). Immunoglobulin prophylaxis with VZIG, while recommended, 

does not alwayc prevent fatalities (38). Antiviral therapy should be seriously 

considered in all infected newborns in this extremely high risk situation. 

Antiviral treatment of normal individuals is not currently standard prac

tice. Clearly, not all children with varicella merit antiviral therapy. The 

use of antiviral therapy in adults with VZV infections has not yet been deter

mined. Concern about the type and adequacy of the immune response after anti

viral therapy has been raised as an argument against the use of antiviral the

rapy in otherwise healthy individuals. The only published placebo-controlled 

trial of intravenous acyclovir in normal adults with chickenpox demonstrated 

no significant effect on the duration of symptoms or evolution of disease 

(39). Complications related to varicella or therapy were not seen in either 

group, and the overall therapeutic benefit was minimal. Case reports descri

bing antiviral therapy in normal adults with severe disease have been pu

blished (40), but the use of antiviral therapy in normal individuals, even in 

age groups at high risk, remains controversial. Additional controlled trials 

of oral or intravenous acyclovir for the treatment of chickenpox in immunocom

petent children and adults are needed. Factors that should be evaluated in

clude the type and duration of the immune response and complication rates in 

drug-treated patients compared with placebo reCipients. 

TREATMENT OF HERPES ZOSTER 

Immunocompromised host 

Reactivation of VZV, or herpes zoster, can be associated with substantial 

morbidity and mortality, particularly in immunocompromised, elderly, or debi

litated patients. The incidence of zoster has been shown to increase steadily 

with age, with an incidence of greater than 400 per 100,000 person-yeras for 

those individuals over the age of 75 (41). An increased incidence of herpes 

zoster has been found in normal children who are infected with VZV during in

fancy (42,43). Complications associated with zoster infections in immunocom

promised patients include cutaneous and visceral dissemination, pneumonia, CNS 
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involvement producing encephalitis, cranial nerve palsies, and motor neuropa

thy, and postherpetic neuralgia (43). Postherpetic neuralgia, which may per

sist for years following acute herpes zoster, is responsible for much of the 

morbidity of zoster (44). !-:lortality rates of 14 % are reported in bone marrcN 

transplant patients who develop disseminated herpes zoster durin!; the first 

nine months post transplant (45). PneuDlonia is the most commcn and serious 

clinical manifestation in these patients. The often unpredictable course of 

zoster in immunocompromised and normal hosts has led to many undocumented or 

controversial claims about efficacy of various therapeutic agents. Because the 

natural history of the disease is spontaneous recovery, studies evaluating 

therapy for herpes zoster must be reproducible, well controlled, and based on 

large numbers of patients who receive frequent and close follow-up by the in

vestigators. 

A number of clinical trials have examined antiviral agents for the treat

ment of herpes zoster in the immunocompromised host. The first controlled stu

dy demonstrating efficacy of an antiviral agent in the treatment of herpes 

zoster was the 1976 study of intravenous vidarabine that utilized a placebo

controlled crossover design (46). A subsequent placebo-controlled study in 

which intravenous therapy was initiated within 72 hours of onset of rash con

firmed that vidarabine accelerated cutaneous healing and reduced pain associa

ted with acute neuritis (47). A decrease in cutaneous and visceral dissemina

tion, an important development, was also demonstrated. The incidence of post

herpetic neuralgia was not affected, although the duration appeared to be de

creased. Adverse reactions, although limited, were reported in 18 vidarabine 

recipients compared with eight placebo recipients of 121 patients followed. 

Because of possible drug toxicity and lack of a clear decrease in postherpetic 

neuralgia, the investigators concluded that the use of vidarabine should be 

reserved for the treatment of acute herpes zoster in immunocompromised pa

tients. 

Human alpha-interferon also has been used in controlled clinical trials 

for the treatment of herpes zoster in patients with malignancies. The highest 

of several intramuscular dosing schedules reduced the rate of cutaneous and 

visceral dissemination in 90 patients who were treated within 72 hours after 

onset of disease (48). There was also a reduction in severity of postherpetic 

neuralgia. However, a subsequent study of the same high dose of interferon 

given every 12 hours for four doses demonstrated no effect on acute pain or 

progression of disease and only a modest effect on distal spread and posther-
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petie ~euralgia (49). 

The efficacy of intravenous acyclovir in the treatment of herpes zoster 

in the immunocompromised host has now been firmly established. A double-blind, 

placebc-controllec study of 94 patients with either localized or disseminated 

cutaneous zoster evaluated clinical efficacy (50). Therapy was initiated with

in three days of onset of rash, unless patients were still forming new le

sions. This study demonstrated clear decreases in the frequency of cutaneous 

dissemination (17 % vs. 2 %) and visceral dissemination (9.5 % vs. a %). Pro

gression of disease was halted even in patients whose therapy was initiated 

three days after the onset of rash. Subsequent studies have confirceci these 

results in immunocompromised children and adults (51,52). 

A randomized prospective comparison of acyclovir with vidarabine therapy 

iIi 22 severely immunocompromised zoster patients concluded that acyclovir the

rapy was superior (28). Acyclovir was shown to shorten the duration of viral 

shedding from skin lesions, and to decrease the time to pain diminution, crus

ting, and healing of all lesions. In addition, the duration of fever was sig

nificantly shortened in the patients receiving acyclovir treatment. The lack 

of toxicity in hydrated patients and ease of administration make acyclovir an 

excellent antiviral agent. Therefore, acyclovir is currently regarded as the 

drug of choice in the treatment of herpes zoster in i.I:nnunocomprocised pa

tients. 

Other promising antiviral agents that have undergone at least initial 

clinical evaluation for the therapy of zoster include BVDU, FIAC, and adeno

sihe monophosphate (MIP). BVDU, a highly potent agent in vitro against members 

of the herpes family of viruses, is administered orally at a dose of 7.5 to 15 

mg/kg/day for 5 days (29,53). With this regimen, plasma levels of greater than 

1 ~g/ml are obtained, which are in excess of the 0.01 ~g/ml required for inhi

bition of VZV in vitro (53). In a small uncontrolled clinical trial, a prompt 

response to therapy with the lower dose was noted in 11 immunocompromised pa

tients with herpes zoster or disseminated ~oster, and evidence of cessation of 

infection was noted within 24 hours of therapy (53). There was no evidence of 

drug toxicity in this study. However, many patients were neutropenic due to 

their primary disease and therefore bone marrow suppression by the drug could 

have been masked. This preliminary study serves as an impetus for further com-

parative studies to evaluate oral antiviral therapy. 

Another promising new antiviral, FIAC, is a pyrimidine nucleoside analo

gue with excellent in vitro activity against VZV. A double-blind clinical 
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trial comparing intravenously administered FIAC with ara-A was conducted in 34 

immunocompromised patients (54). In this well-controlled study, a significant 

reduction in pain, accelerated crusting, and reduced time to appearance of 

last new lesion was associated with FIAC therapy. Only minimal toxicity of 

FIAC was noted, including a transient rise in liver function tests and mild 

nausea. 

TREAT~lliNT OF HERPES ZOSTER 

Normal hosts 

Systemic antiviral therapy of herpes zoster in the normal host has re

cently been extensively evaluated. The only published trial of alpha-interfe

ron for the treatment of zoster in normal adults was an uncontrolled investi

gation (55). More rapid healing of lesions in the primary dermatome was repor

ted in subjects receiving intramuscular interferon compared with controls, but 

these results have not been confirmed. Intravenous acyclovir has been demon

strated to accelerate cutaneous healing and decrease the severity and duration 

of acute pain in herpes zoster in the normal host (56-58). Although high-dose 

intravenous therapy (10 mg/kg/ dose administered TID) may be considered more 

likely to be efficacious due to the higher serum levels obtained, there has 

been no real differences in several controlled clinical trials which utilized 

lower dose (5 mg/kg administered TID) (56) or higher dose intravenous acyclo

vir (57,58). These studies have demonstrated an improved rate of healing, 

shortened period of acute pain, and in one study, a decreased period of viral 

shedding in acyclovir reCipients as compared with placebo controls (58). Acy

clovir therapy was associated with a transient rise in serum creatinine levels 

in that trial, perhaps related to dehydration in these patients. Treatment 

with the drug demonstrated no effect on the development of postherpetic neu

ralgia in these studies. 

An improved rate of healing has been reported in some studies of high 

dose (800 mg five times daily) and lower doses (400 mg five times daily) oral 

acyclovir, although findings have not been consistent (25,59-62). A recent 

double-blind, placebo-controlled study of high dose oral acyclovir in over 200 

elderly immunocompetent patients demonstrated significantly accelerated hea

ling when treatment began within 48 hours of appearance of rash (59). Acyclo

vir therapy was associated with significant reduction in pain during treat

ment, and no important adverse effects were noted. Development of postherpetic 

nenralgia is still being evaluated. Arlother recent double-blind placebo-con-
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trolled study, which evaluated oral acyclovir at a dose of 600 mg five times 

duily, reported a decreased incidence and severity of herpes zoster ophthalmi

cus (61). This was more apparent in patients treated within 72 hours of onset 

of lesions. Again, no effects on the development of postherpetic neuralgia 

were noted. Preliminary results of a multi-center, placebo-controlled trial 

which utilized 800 mg of acyclovir orally five times daily for 10 days, begin

ning within 72 hours of onset of rash, show a significant difference in time 

to clinical improvement (62). 

The prevention of postherpetic neuralgia remains a prime consideration in 

the therapy of herpes zoster in the immunocompetent patient, although benefi

cial effects in healing and pain reduction are important. The mechanism by 

which VZV induces postherpetic neuralgia is not known. The development of 

postherpetic neuralgia has been studied in several trials of both intravenous 

and oral acyclovir. No significant effect on the incidence or duration of 

postherpetic neuralgia has been shown to date. 

A placebo-controlled study of intravenous ana oral acyclovir for the 

treatment of postherpetic neuralgia was begur. by our group at the UniveI·sity 

of Hinnesota in 1983 for patients whe had postherpetic neuralgia for at least 

six months prior to entry. Although acyclovir was well tolerated by all nine 

patients, there was no dramatic improvement in pain scores of individual pa

tients. A major goal in therapy of acute herpes zoster must be the prevention 

of postherpetic neuralgia because it is very difficult to manage that condi

tion once it is established. 

Several other agents have been studied in clinical settings for the 

treatment of herpes zoster in immunocompetent patients. Adenine monephosphate 

(l'.NP) was utilized in a randomized placebo-controlled trial in 32 patients 

whom were given intramuscular injections of AMP prepared in an aqueous gelatin 

base three times weekly for up to four weeks (6). In this trial, AMP was shown 

to significantly reduce viral shedding and pain after four weeks. No side ef

fects or toxicity of this compound were noted. In vitro inhibitory studies on 

this natural cellular metabolism have not yet been performed. Because prelimi

nary evidence indicates that the incidence of postherpetic neuralgia may be 

reduced, further studies with this agent should be undertaken. 

The use of steroids for the treatment of acute zoster and the prevention 

of postherpetic neuralgia is controversial. A trial of topical acyclovir com

pared with steroids for the treatment of herpes zoster keratitis-uveitis de

monstrated significant differences in time of resolution of corneal disease 
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and in the number of patients experiencing a recurrer<ce of infection, favoring 

acyclovir therapy (63). The NIh Antiviral Study Group, headed by R.J. Whitley 

of the University of Alabama, is currently conducting a randomized blinded 

study to evaluate the role fo steroids in the treatment of herpes zoster. 

Topical therapy of herpes zoster with several antiviral agents has resul

ted in varying clinical results. The effect of idoxuridine in dimethylsulfo

xide (DMSO) has been studied for the treatment of uncomplicated herpes zoster, 

but results remain unclear. A study comparing 40 % idoxuridine in DMSO to 40 % 

idoxuridine in saline or garlic placebo demonstrated c. significant reduction 

in pain (64). In contrast, other investigators found no effect of 40 % idox

uridine in DMSO on pain duration in thoracic zoster, but noted some decrease 

in trigeminal zoster (65). A review of antiviral therapy by Nicholson conclu

ded that "irrespective of efficacy, the cost, side-effects, and inconvenience 

of topical treatment with idoxuridine limits its usefulness" (66). Topical 

treatment of herpes zoster with acyclovir has been shown to have some effect 

on healing, but no significant decrease in lesion virus titers or resolution 

of pain (67). Topical therapy should not be used at the present time as an al

ternative to systemic therapy. 

FUTURE DEVELOPNENTS 

The need for effective antivirals that are easily administered and have 

good therapeutic indices is obvious. The increasing number of immunocompromi

sed patients, including those being treated for malignancies, those receiving 

immunosuppression, or those with AIDS, will magnify the problems of zoster ma

nagement. Although vaccination of all young children to prevent chickenpox is 

not yet possible in the United States, it may soon be a reasonable goal. How

ever, antiviral therapy will still be necessary because of rare cases of di

sease associated with vaccination and the frequency of reactivation of VZV in 

immunocompromised and normal hosts. 

The development of acyclovir derivatives with increased bioavailability, 

such as desiclovir (BWA515U) (68), as well as other new compounds, may advance 

the therapeutic potential of oral drugs. This would, in turn, allow for ear

lier treatment of patients at particularly high risk. In many cases, early 

treatment could mean that patients would not require hospitalization for VZV 

or its complications. Efforts are underway to determine which groups of normal 

patients might benefit from antiviral therapy. Postherpetic neuralgia remains 

a serious problem. New therapeutic strategies, such as vaccination with atte-
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nuated virus or subunit vaccines or new antivirals, may hopefully lesser mor

bidity from this complication in the future. 

SUMMARY 

Treatment of varicella-zoster virus infections must take into account the 

individual's immune competency, age, past medical history, and the clinical 

course of the infectiofi. Acyclovir therapy is presently the recommended treat

ment for VZV infections in immunocompromised hosts and in otherwise normal pa

tients with severe VZV disease (Table 2). All immunocompromised patients with 

either varicella or zoster should be treated to prevent serious complications, 

especially visceral dissemination. Patients at risk for disseminated disease 

include transplant recipients or those undergoing chemotherapy for malignancy, 

as well as patients with an underlying disease associated with an immunocom

promised state, such as systemic lupus erythematosus. At this time, patients 

receiving systemic steroids for conditions such as asthma or eczema appear to 

be at minimal risk for disseminated VZV infections. However, such patients 

should be followed closely and intravenous acyclovir therapy initiated if any 

signs of toxicity or dissemination develop. Therapy of zoster infections in 

Table 2. Recommendations for treatment of varicella-zoster infections 

VZV infection 

Uncomplicated varicella 

Varicella with visceral 
dissemination 

Localized zoster 

Disseminated zoster 

Postherpetic neuralgia 

Type of patient 

Immunocompromised 
Neonate 
Normal children, adults 

Immunocompromised or normal 

Immunocompromised 
Normal 

Immunocompromised or normal 

Immunocompromised or normal 

Therapy 

Intravenous acyclovira 
Intravenous acyclovira 
Under investigation 

Intravenous acyclovira 

Intravenous acbclovira 
Oral acyclovir 

Intravenous acyclovir 

None available 

apatients with normal renal function should receive 7.5 to 10 mg acyclovir/kg 
of ideal body weight every 8 hours. The dose should be infused over 1 hour at 
a concentration no greater than 5 mg/ml. Total duration of therapy is 5 to 10 
days, depending upon rate of clinical improvement. For dosage modification in 
renal failure, obtain acyclovir serum levels, or use the table in the package 
insert, substituting 7.5 mg/kg/dose instzad of 5.0 mg/kg/dose for creatinine 

bclearances from 10 to > 50 ml/min/l.73 m • 
Adults should receive 800 mg 4 to 5 times daily for 5-10 days. The oral dose 
for children has not been established. 
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normal individuals with high-dose oral acyclovir therapy is now possible, but 

the relatively decreased bioavailabity of the drug must be noted. Topical the

rapy plays no role in the treatffient of varicella or zoster infections. The ad

vent of new therapeutic agents or different formulations of available drugs 

will hopefully facilitate oral therapy of VZV infections in the future. 
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ABSTRACT 

Bromovinyldeoxyuridine (BVDU) is a highly potent and selective inhibitor 

of varicella-zoster virus (VZV) ~~. It is specifically phosphorylated by 

the virus-induced thymidine kinase and appears to be targeted at the viral DNA 

polymerase and viral DNA replication (upon incorporation into the viral DNA). 

As demonstrated by a number of open clinical studies. oral BVDU holds great 

promise for the treatment of various VZV infections. including varicella 

(chickenpox) and zoster (shingles) in immunocompromised patients. The blood 

drug levels achieved by BVDU upon oral administration at 3 x 2.5 mg/kg/day are 

far in excess of those required for inhibition of VZV replication .!E. ~. 
The efficacy of oral BVDU in the treatment of VZV infections remains to be 

corroborated by double-blind controlled clinical studies, now in progress. 

INTRODUCTION 

Varicella-zoster virus (VZV) usually causes a mild infection which is 

epidemic in infancy and childhood. However, VZV infections may follow an ag

gravated course in immunocompromised patients. especially in those undergoing 

immunosuppressive therapy upon allogeneic bone-marrow transplantation (1,2) 

(Table 1). Human interferons, transfer factor and human anti-VZV immunoglobu

lins have been used for the therapy of VZV infections. Whether they are effec

tive is questionable. however (3-5). An attenuated live VZV vaccine has been 

developed by Takahashi ~ !!!.. and proven successful in the prophylaxis of 

chickenpox in leukemic children (6.7). However. vaccination would obviously be 

of no avail after the infection. 

We have investigated several anti-herpes compounds for their effects on 

VZV replication 1E~. and from these studies (~)-5-(2-bromovinyl)-2'-deo

xyuridine (BVDU) emerged as the most potent and most selective inhibitor of 

VZV replication (8.9). BVDU is activated by the VZV-encoded thymidine (dThd) 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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Table 1. Severe VZV infections 

Chickenpox 
Congenital varicella (upon infection during late pregnancy) 
Varicella in immunocompromised patients 

- receiving immunosuppressive therapy 
- suffering from an inborn immunodeficiency 

Herpes zoster 
Zoster in immunocompromised patients 

- after receiving bone-marrow transplantation 
Zoster in cancer patients 

- receiving immunosuppressive therapy 

kinase (TK). It is inhibitory to TK-positive VZV strains but inactive against 

TK-negative VZV variants (9,10). BVDU triphosphate is inhibitory to VZV-DNA 

polymerases from both TK-positive and TK-negative VZV strains, but not inhibi

tory or much less inhibitory to cellular DNA polymerases (11). Thus the selec

tive inhibitory effect of BVDU on VZV replication depends on two virus-speci

fic enzymatic actions : (!) phosphorylation of BVDU by the VZV-induced TK and 

(ii) inhibition of VZV-DNA polymerase by BVDU triphosphate. As has been moni-
- 125 

tored with [ IJ-labelled (!)-5-(2-iodovinyl)-2'-deoxyuridine (IVDU), the 

twin compound of BVDU and also a potent inhibitor of VZV replication, IVDU is 

incorporated into DNA of cells infected with TK-positive VZV but not into DNA 

of TK-negative VZV-infected or mock-infected cells (12). Within the TK-posi

tive VZV-infected cells IVDU is incorporated to a much greater extent into 

VZV-DNA than cellular DNA. These data thus explain the selective inhibitory 

effects of IVDU (and BVDU) on VZV replication ~ Y!!!2 (9). The extent of in

corporation of IVDU into VZV-DNA, as could be deduced from the buoyant density 

of the viral DNA, increases proportionally with the concentration of IVDU ad

ded to the cell culture medium. Substitution of 0.1 to 1.0 % of the thymidine 

residues by IVDU in VZV-DNA suffices for IVDU to achieve an inhibitory effect 

on VZV replication in human embryo fibroblasts (our unpublished data). 

There are no appropriate animal models for VZV infection in ~. Al

though some investigators reported experimental infection of guinea pigs by 

VZV, the animals did not die or show any sign of clinical illness (13-15). The 

clinical use of BVDU in VZV infections has been prompted by its excellent ac

tivity against VZV in ~ as well as its efficacy in experimental HSV-1 

(herpes simplex virus type 1) infections. 
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CLINICAL STUDIES 

BVDU therapy of eye infections due to HSV-l or VZV 

Topical use of 0.1 % BVDU drops for herpetic eye infection has been re

ported by Maudgal !! al. (16). BVDU was administered 9 times a day at hr-in

tervals during the day to patients with dendritic or geographic corneal ulcers 

or stromal keratitis. Among 76 patients with dendritic keratitis, 44 patients 

who had not been cured following treatment with either iododeoxyuridine (IDU), 

trifluorothymidine (TFT), adenine arabinoside (ara-A) or acyclovir (ACV), hea

led within an average time of 8.6 days after BVDU treatment was installed. 

Twenty-six patients with geographic corneal ulcers, who were clinically resis

tant to IDU, TFT, ara-A or ACV, healed within an average time of 11.7 days af

ter BVDU treatment. Thirty-two patients with stromal keratitis, who were cli

nically resistant to IDU, TFT or ACV, healed within an average time of 30 days 

upon BVDU therapy. Before BVDU treatment there were recurrences in 44.7 %, 

71.4 % and 76 % of the patients with dendritic or geographic corneal ulcers or 

stromal disease, respectively, whereas 27.6 %, 45.7 % and 42.8 % of these pa

tients had recurrences following BVDU treatment. Thus, topical application of 

0.1 % BVDU drops was efficacious in the treatment of herpetic keratitis, even 

if the latter had become clinically resistant to other antivirals, i.e. IDU, 

TFT, ara-A or ACV (16). An additional 15 patients with ophthalmic herpes zos

ter were treated with oral BVDU capsules at 375 mg/kg for 5 days, combined 

with topical 0.1 % BVDU eyedrops. Both the skin eruption and eye diseases res

ponded promptly to this treatment (16). Toxic side effects were not observed. 

BVDU therapy of chickenpox (varicella) in children 

Benoit ~ al. (17) performed an open clinical trial with oral BVDU in 

children with cancer suffering from an intercurrent chickenpox infection. The 

underlying infection was either acute lymphoblastic leukemia, Hodgkin's di

sease or another malignant hematologic disease, although all patients were in 

complete remission when they developed varicella. They were treated with BVDU 

capsules orally at 15 mg/kg/day for 5 days. All patients responded promptly to 

BVDU treatment and recovered completely from varicella without complications. 

Fever resolved within 3 to 5 days and new lesions ceased to develop from the 

2nd to the 5th day onwards. In the 2 to 33 month follow-up period after treat

ment, none of the patients showed a recurrence of the VZV infection. As deter

mined by a bioassay, based upon the inhibition of HSV-l cytopathogenicity in 

primary rabbit kidney cell culture (18), the highest BVDU concentrations at

tained in serum and urine were 0.3-2.0 ~g/ml and 2-20 ~g/ml, respectively. 
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These BVDU levels were 12S to 833 times higher than the SO % inhibitory dose 

(IDSO) of BVDU for VZV in vitro (9). 

BVDU therapy of zoster in cancer patients 

Benoit !! al. (17) also reported the results for oral BVDU treatment (15 

mg/kg/day for S days) of severe herpes zoster in 11 children with cancer (8 

with leukemia and 3 with another malignant tumor). All patients responded ra

pidly to BVDU, and new lesions ceased to develop within 1 to S days after 

treatment was started. With the exception of one girl, none of the patients 

having received BVDU had a recurrence of herpes zoster during the follow-up 

period (up to 33 weeks). 

Wildiers and De C1ercq (19) reported on the use of oral BVDU treatment of 

severe herpes zoster in adult patients with cancer. BVDU was administered to 

20 patients with either localized or disseminated herpes zoster at a dosage of 

7.S mg/kg/day for S days. Upon BVDU treatment a rapid cessation of the acute 

herpes zoster episode was noted in all but one patient. According to their 

response to BVDU treatment the patients could be divided into 4 categories 

(excellent, good, moderate or poor). The corresponding numbers of patients 

were 9, 3, Sand 1, respectively (for two patients no definitive evaluation 

could be made). 

Tricot !! a1. (20) reported similarly favorable results with oral BVDU 

(7.S mg/kg/day for S days) in the therapy of VZV infections in severely immu

nocompromised patients. In most patients, new lesions ceased to form within 1 

day after BVDU treatment was started (Fig. 1). 

Our recent experience with oral BVDU treatment of severe herpes zoster is 

summarized in Table 2. It is best illustrated by patient S.S. (no 9 in Table 

2). This patient had lung cancer as the underlying disorder. He developed a 

severe herpes zoster at dermatomes Th 4-S, and 4 days after onset of the di

sease treatment with oral BVDU (7.S mg/kg/day for S days) was started. At that 

time he had 82 vesicles at dermatomes Th 4-S. One day after BVDU therapy was 

initiated only 1 new eruption had appeared and from the second day onwards no 

new lesions appeared. The existing vesicles evolved to crusts within S days, 

and after 10 days all the lesions had healed. The patient did not develop any 

postherpetic neuralgia. The physicians judged the response of the patient as 

"excellent" (rapid cessation of new vesicle formation, prompt disappearance of 

pain, prompt crust formation, prompt healing). 
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BVDU treatment Pati ent 
No. - .. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

-21 -8 -7 -6 -5 -4 -3 -2 -1 

Duration of new lesion formation 
before BVDU treatment (days) 

o 1 2 3 4 5 
No new lesion formation 
from day ... onwards 

Fig. 1. Diagrammatic presentation of the duration of formation of new VZV le
sions before and after BVDU treatment was initiated. According to 
Tricot ~!!. (20). 

Therapy of herpes zoster in patients without cancer 

We have administered BVDU (7.5 mg/kg/day for 5 days) by the oral route to 

two patients with herpes zoster at the forehead and back of the head, respec

tively. Neither of these 2 patients had an underlying malignant disorder. The 

84-year old patient (no 8 in Table 2) who suffered from herpes zoster in the 

occipital area, recovered completely from the disease within 6 days after BVDU 

treatment was begun. The· response was rated as "excellent". The other patient, 

aged 64, who had herpes zoster at the right forehead (no 6 in Table 2), did 

not form new eruptions after BVDU treatment was started, but this patient ex

perienced post-herpetic neuralgia 3 weeks after onset of the disease. Labora

tory examinations (erythrocyte, leukocyte and thrombocyte counts, hemoglobin, 

hematocrit, transaminase, phosphatase, urea, and creatine determinations) did 

not reveal any abnormalities which could be attributed to BVDU. 
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Table 2. Oral BVDU therapy in herpes zoster patients 

Patient* Age Sex Affected Number of days to Postherpetic Judgment 
No. dermatome neuralgia 

complete cessation 
healing of new 

lesion 
formation 

1 19 M Th 7 7 excellent 
2 29 M Th 4 17 excellent 
3 31 M Th 5-6 10 excellent 
4 59 M facial1s 20 good 
5 61 F C 3-4 11 + good 
6 64 M facialis 9 1 ++ good 
7 72 M C 8, Th 1-3 7 1 + good 
8 84 M C 1-2 6 1 excellent 
9 62 M Th 4-5 10 2 excellent 

* Patients no 7 and 9 had an underlying malignant disease, whereas the other 
patients had not. 
Excellent : Prompt cessation of new lesion formation and pain; prompt crust 
formation and healing. 
~ : Prompt cessation of new lesion formation as well as prompt crust for-
mation; but either longer duration of healing process or residual neuralgia. 

At Fukushima Medical College Igari !! al. treated six herpes zoster pa

tients with oral BVDU (7.5 mg/kg/day for 5 days). Their herpes zoster episode 

subsided completely within 7 to 20 days after BVDU treatment was started. The 

response of three patients was judged as being "excellent", the three others 

as "good" (no 1-5 and 7 in Table 2). 

BVDU therapy of Ramsey Hunt disease 

At Shirakawa Kosei hospital (Fukushima, Japan) Omata !! a1. used oral 

BVDU (7.5 mg/kg/day for 5 days) in the treatment of patients with Ramsey Hunt 

disease. The degree of facial paralysis was evaluated based on 10 independent 

signs of paralysis, each of which was scored on 10 points (10 : no paralysis; 

o : complete paralysis). Two patients who had received BVDU recovered from fa

cial paralysis so that 11-16 days after treatment they scored SO points, and 

after 19-35 days they progressed to a score of 75 on 100. On the other hand, 3 

patients who were not treated with BVDU needed more than 100 days to recover 

from the paralysis to the stage where they scored SO points. Thus, the recove

ry from facial paralysis in patients treated with BVDU was faster than in the 

controls, who had not been treated with BVDU. In the two patients receiving 

BVDU, new eruptions ceased to develop within one day after BVDU treatment was 
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started. Side effects attributable to BVDU were not revealed by any of the la

boratory tests mentioned above. 

Potential problems concerning the clinical use of BVDU 

Laboratory parameters. The influence of oral BVDU (7.5 IDg/kg/ day for 7 

days) on various hematological, liver and kidney functions was monitored in a 

normal volunteer by examining the representative laboratory parameters. As 

shown in Table 3, the laboratory data remained essentially unaltered during 

the 7-day course of BVDU treatment. Nor did the 11 herpes zoster patients and 

2 patients with Ramsey Hunt disease who had been treated with oral BVDU 1n Fu

kushima show any evidence of drug toxicity for bone-marrow, liver, kidney or 

any other organs. None of the patients complained of any sign or symptom which 

might poine to an adverse effect of BVDU. 

Table 3. Influence of oral BVDU (7.5 mg/kg/day for 5 days) on laboratory data 

Laboratory 
t\xamination 

3 WBC/mm3 (x 
RBC/mm (x 
Hb (g/dl) 
Hct (%) 

GOT (KU) 
GPT (KU) 
LDH (WrU/ml) 
ALP (KAU) 
T Bil (mg/dl) 
D Bil (mg/dl) 
LAP (GRU) 
y-GT (mU/I) 
Cho-E ( pH/h) 
CPK (mU/l) 

Urea (mg/dl) 
Creatinine (mg/dl) 
Uric acid (mg/dl) 

Blood pressure (mmHg) 

Pre-administration 

4.8 
4.95 

16.0 
47.0 

40 
37 

826 
6 
1.0 
0.5 

183 
25 
0.86 

74 

19 
1.2 
9.0 

130-80 

Post-administration (days) 

3 5 7 

5.3 6.3 4.9 
4.84 4.85 5.05 

16.0 16.0 16.4 
46.0 46.5 48.9 

35 37 50 
40 41 46 

256 271 272 
8 5 6 
1.8 0.7 1.1 
1.3 0.4 0.9 

250 181 210 
14 21 17 
0.86 0.83 0.99 

65 59 82 

14 17 14 
1.1 1.1 1.1 
8.2 7.7 7.4 

134-80 

WBC: white blood cell; RBC: red blood cell; Hb: hemoglobin; hct: hematocrit; 
GOT: glutamic-oxaloacetic (acid) transaminase; GPT: glutamic-pyruvic (acid) 
transaminase; LDH: lactate dehydrogenase; ALP: alkaline phosphatase; T Bil: 
total bilirubin; D Bil: direct bilirubin; LAP: leucine aminopeptidase; y-GT: 
y-glutamyl transpeptidase; Cho-E: choline esterase; CPK: creatine phosphoki
nase. 
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Pharmacokinetics. A simple bioassay was devised for measuring the con

centration of BVDU in the patients' serum and urine. This method was based 

upon the inhibitory effect of BVDU on VZV focus formation in vitro in human 

embryonic fibroblasts. To avoid the neutralizing effect of anti-VZV antibody 

on VZV focus formation, the patients' serum was diluted 1 :50 and the serum 

samples were added to the VZV-infected cell cultures at 4 hours after VZV in

fection. Under these conditions the inhibitory effect of the neutralizing an

tibody on VZV focus formation was eliminated whereas that of BVDU was not in

fluenced. A standard dose-response curve was established for BVDU in a 1:50 

dilution of human serum (Fig. 2). When 3 healthy adult volunteers were given a 

single oral dose of BVDU (125 mg), the concentration of BVDU reached in the 

serum at 2 hr after BVDU administration was 0.6-0.7 jJg/ml; it decreased to 

less than 0.5 jJg/ml at 8 hr after BVDU administration. In the urine a concen

tration of 4 to 10 jJg BVDU/ml was attained at 8 hr after BVDU administration. 

-~ o -
u 
o -.... 
o 

o 
Z 

100 1.~ ............... . 
• 

50 

\ 
~~I~I~~I---+I---rI--~"---"-
o 2.5 5 10 20 40 00 

BVOU concentration (ng/m/J 

Fig. 2. Standard VZV-focus reducing curve for serial concentrations of BVDU 
prepared in a 1:50 dilution of human serum. 
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When a dose of 125 mg (2.5 mg/kg) of BVDU was administered every 8 hours, the 

serum BVDU concentration reached 0.64-0.8 ~g/ml at 2 hr after administration 

of the first dose and decreased to less than 0.5 ~g/ml at 8 hr, when the se

cond dose was administered. At 10 hr, that is 2 hr after the second BVDU admi

nistration, the serum BVDU concentration increased again to a similar level as 

obtained at 2 hr aiter the first administration. At 24 hr, that is 2 hr after 

the fourth BVDU administration, the serum concentration of BVDU attained 0.65-

1.1 ~g/ml. The urinary BVDU concentrations reached an average of 15.3 pg/ml at 

2 hr after the 4th BVDU administration (Fig. 3). The BVDU concentrations rea

ched in the serum (0.65 to 1.10 ~g/ml) at 2 hr after BVDU administration were 

300- to 450-higher than the 1D50 of BVDU for VZV in vitro (9). Thus BVDU is 

effectively absorbed when given orally to humans, as has also been demonstra

ted in mice and monkeys (21,22). 
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Serum and urine BVDU concentrations following repeated oral admini
strations of BVDU (3 x 2.5 mg/kg/day). 
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BVDU is rapidly degraded by pyrimidine nucleoside phosphorylases, such as 

dThd phosphorylase, to (~)-5-(2-bromovinyl)urac1l (BVU). Desgranges !! !!. 
(23) reported that BVU is cleared much more slowly from the bloodstream than 

BVDIJ. When BVDU (90 pmoles) was administered intraperitoneally (i.p.) to rats, 

it was completely cleared from the bloodstream 3 hours later. If at that t~e 

dThd (90 pmoles) was administered l.p., BVDU reappeared in the bloodstream 

(Fig. 4). Concomitantly with the reappearance of BVDU, there was a drop in the 
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Fig. 4. Reappearance of BVDU in the bloodstream following dThd administration. 
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plasma concentration of BVU (Fig. 4), suggesting that BVlT had reacted with 

dThd to give BVDU, according to the scheme : BVU + dThd -:. BVDU + Thy (Thy being 

thymine). Thus, the degradation of BVDU-+BVU can be reversed, and the possi

bility of regenerating BVDU from BVU has obviously therapeutic implications. 

Furthermore, since BVU persists in the blood plasma for 24 hours, the regene

ration procedure can be repeated several times until BVU has been completely 

cleared from the circulation. 

Problems of virus-drug resistance. BVDU is phosphorylated by VZV-TK but 

not cellular TK. TK-negative variants of VZV are not able to phosphorylate 

BVDU although BVDU triphosphate is inhibitory to the DNA polymerase of TK-ne

gative VZV strains Thus, TK-negative VZV variants are resistant to BVDU as 

well as other anti-herpes drugs depending for their anti-VZV activity on a 

specific phosphorylation by the VZV TK. So far, there have been no reports on 

the isolation of TK-negative or BVDU-resistant VZV strains from patients. When 

several clinical VZV isolates were evaluated for their susceptibility against 

various anti-herpes compounds, including BVDU, none proved resistant to BVDU 

(25). Akin to TK-negative HSV strains (26), TK-negative VZV may be less patho

genic to humans, although the lack of an appropriate animal model for VZV in

fection makes the evaluation of pathogenicity of VZV strains rather difficult. 

Recently, we have isolated a VZV variant from a patient with chickenpox (27). 

The TK induced by this virus had a low substrate affinity for dThd and several 

dThd analogues such as bromodeoxyuridine (BDU) and IDU. Hence, the VZV variant 

was resistant to BDU and IDU. Yet, it was still susceptible to BVDU and IVDU 

and the TK of this VZV variant had a high affinity for BVDU (or IVDU) as sub

strate (27). 

CONCLUSION 

BVDU is a very potent and selective anti-VZV agent, as has been demon

strated repeatedly in human embryonic fibroblasts in vitro. Several open cli

nical trials suggest that it is also efficacious against VZV infections in 

vivo. The effectiveness of BVDU in the treatment of VZV infections remains to 

be confirmed by double-blind controlled clinical studies. In the treatment of 

VZV infections BVDU could be used both systemically (i.e. orally) and topical

ly (i.e. directly on the skin). Pharmacokinetic data indicate that upon oral 

administration of 3 x 2.5 mg BVDU/kg body weight per day serum BVDU levels are 

attained which are far in excess of those required to inhibit VZV replication 

in vitro. Whether BVDU is suitable for topical treatment of VZV infections, 
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i.e. zoster, remains to be ascertained. To this end, a proper vehicle should 

be used so as to achieve optimal penetration of the drug through the skin. The 

importance of the vehicle for topical formulations has been repeatedly empha

sized in the literature (28,29). 

BVDU is particularly effective against VZV and HSV-l infections; it is 

much less active against HSV-2 infection (30). To identify the causative agent 

of the infection and, hence, choose the most appropriate drug for treatment, 

rapid diagnosis is required. Immunofluorescence and enzyme immunoassays have 

been developed for the detection of VZV-infected cells in vesicle fluid. Early 

diagnosiS of VZV infections may permit the prompt use of BVDU, and, when ini

tiated sufficiently early during the course of the infection, BVDU treatment 

may prevent postherpetic neuralgia, one of the most feared complications of 

VZV infections. The beneficial effects obtained with BVDU in a number of pa

tients, including those with Ramsey Hunt disease, indicate that prevention of 

postherpetic neuralgia upon oral BVDU treatment may be an achievable goal. 
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ABSTRACT 

Cytomegalovirus (CMV) is a major cause of morbidity and 

mortality in immunocompromised patients. Effective means of 

prevention now exist in certain groups of patients. Suppressive 

therapy is available for several CMV-related syndromes. This 

chapter will review the in-vitro, animal, and human data which 

suggest present indications for prophylaxis and therapy of CMV 

infections. Additional studies are needed to further delineate 

and extend present indications to other patient populations. 

Also needed are new agents with greater activity against CMV 

which also have enhanced oral bioavailability, thus making long 

term suppressive therapy more satisfactory. 

INTRODUCTION 

Cytomegalovirus, a DNA herpesvirus, may cause disease in 

both immunologically intact and immunocompromised individuals. 

In the intact host, mononucleosis characterized by fever, 

malaise, fatigue, and an atypical lymphocytosis is the most 

common manifestation of clinically apparent infection with CMV 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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(1-3). This illness may occur spontaneously or secondary to 

blood transfusion (4). Other syndromes which occur infrequently 

in the intact host include granulomatous hepatitis, aseptic 

meningitis, hemolytic anemia, pericarditis, peripheral 

neuropathy, acute erosive esophagitis (5), urinary retention 

(6), gastrointestinal ulceration, and proctitis (7-9). In the 

immunocompromised host, such as renal (10,11), liver (12), and 

bone marrow (13) transplant recipients, certain patients with 

malignancy, and patients with the Acquired Immunodeficiency 

Syndrome (AIDS), more severe illness occurs. Disease syndromes 

which are seen in this setting include encephalitis, retinitis 

(14,15), esophagitis, pneumonia, adrenalitis, gangrenous 

cholecystitis (often in association with cryptosporidium) (16) , 

and colitis. These illnesses can be life-threatening, and CMV 

infection is a leading cause of death in both bone marrow 

transplant (BMT) recipients and patients with AIDS. CMV is also 

the most common cause of serious congenital virus infection with 

possible devastating consequences (9,17,18). It is for these 

immunocompromised patient populations that prevention, 

prophylaxis, rapid diagnosis, and effective therapy for CMV 

infection becomes crucial. This chapter will focus on antiviral 

chemotherapy of CMV infections in the clinical setting. 

Relevant in-vitro and animal data will be reviewed. 

Immunoprophy1axis with drug and immunoglobulin preparations will 

also be discussed. Prevention by vaccination will not be 

addressed. 

Therapy of CMV Infections 

DHPG 

9-(1, 3-dihydroxy-2-propoxymethyl) guanine, also referred to 

as 2'-NDG, BIOLF-62, BW759U, and hereafter DHPG, has sUbstantial 

activity against CMV. The ED50 (that concentration of drug 

which causes a 50% reduction in viral effects) in various 
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studies ranges from 0.04 to 11 uM depending on the exact method 

used (19-23). DHPG's congener, acyclovir, is about 10-100 times 

less potent against CMV (24). Peak serum levels of DHPG are 

usually between 20 and 75 uM with a dosage of 15 mgjkg 

intravenously (i.v.) and between 19 and 25 uM with 7.5 mgjkg 

i.v. (23,25). Oral doses of 10 mgjkg give peak plasma levels 

ranging from 0.90-1.93 uM (26). The half-life of DHPG is 3.4 

hours (27). The mechanism of action of DHPG has not been 

determined with certainty. Phosphorylation to the triphosphate 

appears necessary for drug activity (20,28,29) but does not 

involve viral thymidine kinase in CMV infections (30). 

Interaction with a cytosol deoxyguanosine kinase which is 

induced in CMV-infected cells may be an important step (31). 

DHPG blocks the production of virus progeny but not immediate 

early and early gene products (24). 

studies involving murine CMV infection indicate both a 

decreased mortality (30) and reduced viral titers in lung and 

salivary tissue (32) in animals treated intraperitoneally with 

DHPG. Aerosolized administration has also been utilized with 

success in mice (33). Interestingly, latent infection does not 

seem to be prevented by DHPG; immunosuppression induced with 

rabbit antilymphocyte serum and cortisone acetate or 

explantation of splenic tissue following CMV infection and DHPG 

treatment of mice results in reactivation of CMV (34). 

Several uncontrolled human trials with DHPG in 

immunocompromised hosts suggest a beneficial response to DHPG 

therapy in CMV-infected patients. In 26 patients, 22 of whom had 

AIDS, 17 stabilized or improved at a dose of 5 mgjkg i.v. at 8 

hour intervals for a mean of 14 days. CMV retinitis, 

esophagitis, and colitis (35,36) were most amenable to therapy 

whereas CMV pneumonia responded poorly; four of 7 patients with 

pneumonia died before completion of 14 days of therapy. 

Unfortunately, both clinical and virologic relapses were common 

(37) occurring in 79% of the patients. A similar refractoriness 

of CMV pneumonia to DHPG therapy has also been noted in BMT 

patients despite a decrease in viral titers in lung tissue 
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(25). The addition of corticosteroids did not alter this 

outcome (38). Apparent successful therapy of CMV pneumonia in 

two AIDS patients has been described (36), although spontaneous 

resolution cannot be excluded. 

Several reports describe successful suppression of CMV 

retinitis in AIDS patients. Distinction of cotton wool spots 

from CMV retinitis is important in this context (39,40). with 

dosages between 2.5 and 7.5 mg/kg given every eight hours, 

partial or complete responses were observed in 6 of 7 patients 

(41), 2 of 2 patients (42), 3 of 3 patients (43), 30 of 37 

patients (44), and 14 of 14 patients (45) in several 

uncontrolled studies. Relapses were common with discontinuance 

of DHPG; preliminary success has been reported with maintenance 

DHPG given at 5 mg/kg i.v. five times per week (44) and 30 

mg/kg/week i.v. (45). Further definition of an appropriate 

maintenance regimen is needed as breakthrough retinitis has been 

reported despite daily therapy of 5 mg/kg (46). 

The collected experience with DHPG as of April, 1986 was 

recently summarized (27). These data include over 400 

patients. Retinitis and gastrointestinal (GI) disease due to 

CMV responded best to DHPG therapy; 90% of patients with 

retinitis and 75% of patients with GI disease experienced 

improvement or stabilization of previously progressive disease. 

CMV pneumonitis was more responsive to therapy in AIDS patients 

than in BMT patients, with 75% and 30% response rates 

respectively. 

Persistent neutropenia is an important problem in patients 

on maintenance DHPG therapy. In-vitro and animal data indicate 

direct suppressive bone marrow effects (47). One fatal case of 

irreversible neutropenia has been reported (27), but the 

neutropenia is usually reversible. Mild transaminase elevations 

are found in 10-20% of cases, but seldom require discontinuance 

of therapy. Central nervous system (CNS) toxicities including 

headache, hallucinations, disorientation and possible 

sensorineural hearing loss have also been noted and required 

discontinuance of therapy in approximately 1% of patients. 
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other toxicities include eosinophilia, thromobocytopenia, edema, 

phlebitis, nausea, anorexia, and rash (35,37,42,44,45). DHPG 

has caused azoospermia in Sprague Dawley rats and Beagle dogs 

treated with doses at or below those used in humans (47). It is 

not known whether DHPG will have similar toxic effects on 

spermatogenesis in man. Further data on this potentially 

important toxicity are needed. DHPG appears to be the most 

promising drug studied to date for therapy of human CMV 

infections. The impressions gleaned from the open, uncontrolled 

studies reported above should be confirmed in prospective, 

controlled trials, which are planned. 

PFA and PAA 

Phosphonoformate (PFA), also known as Foscarnet, and 

phosphonoacetate (PAA) have both shown in-vitro and possibly 

in-vivo efficacy against CMV although controlled clinical trials 

are lacking. The ED50 of PFA against CMV strain AD-169 ranges 

between 32-63 uM at a multiplicity of infection (m.o.i.) of 0.1 

and 125-250 uM at an m.o.i. of 0.5 (48,49). Clinical isolates 

seem to be somewhat less sensitive than strain AD-169 to PFA in 

vitro with ED50's of 16-250 uM (49,50). PFA seems to be 

suppressive in tissue culture rather that virocidal; immediate 

early and early antigens of CMV still appear in treated cultures 

and full productive infection can reemerge with removal of PFA 

as late as 35 days after the initial addition of drug (50). PAA 

completely inhibits AD-169 at a m.o.i. of 1 with 20-50 ug/ml 

(51,52) but may be more toxic than PFA (50). 

Pharmacokinetic data from one study indicate a wide range of 

steady state plasma levels in treated patients. In BMT 

recipients, mean dosage was 128 mg/kg/day with steady state 

plasma levels of 82 mg/l and maximum plasma levels of 163 mg/l 

(range 61-447 mg/l). In renal transplant patients, mean dosage 

was 50 mg/kg/day with mean steady state and maximum plasma 

levels of 127 mg/l and 193 mg/l respectively (range 44-449 

mg/l). These differences are presumably due to renal 
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dysfunction in the latter group (53). PFA is generally 

administered intravenously as a bolus of 9-20 mg/kg followed by 

a continuous infusion at 0.078-0.14 mg/kg/min adjusted for renal 

function. PFA and PAA act by inhibiting viral DNA polymerase to 

a greater extent than cellular DNA polymerase; further details 

of the mechanism of action need elucidation (50,51,54-58). 

Studies in mice utilizing PAA have shown a protective effect 

against CMV infection. Mortality decreased in mice treated with 

500 mg/kg/day intraperitoneally (i.p.) starting 2 hours after 

infection, compared with untreated mice, from 93% to 40% and 

days until death increased from 6.1 days to 8.1 days. Viral 

replication was completely inhibited in the liver. Greater 

success was achieved with a slightly smaller viral inoculum and 

treatment with 250 mg/kg/day (52). Efficacy of PFA therapy 

could not be demonstrated in a guinea pig model of CMV 

infection. Severe interstitial pneumonitis developed despite 

treatment; perhaps initiation of therapy at day 3 post-infection 

was too late in this model to demonstrate anti-viral activity 

(59) • 

Small uncontrolled trials in humans suggest some effect of 

PFA on the course of CMV disease in immunocompromised hosts. 

Controlled trials with virologic studies are needed. In 16 BMT 

and 19 renal tranplant patients, clinical improvement defined on 

a subjective basis was noted in 69%. CMV cultures became 

negative in 12 of 20 patients with defervescence in 15 of 30 and 

improvements in laboratory abnormalities or x-rays in 18 of 

35. Of note, all 9 BMT recipients with pneumonitis died 

despite PFA therapy, in contrast to 2 of 6 renal tranplant 

patients with pneumonitis in this same study (60). In another 

report utilizing similar drug dosages, two BMT patients with CMV 

pneumonitis treated with PFA both improved dramatically (61). 

Another study looked at 13 BMT and 12 renal transplant 

recipients with CMV infection. Twelve of these patients died, 

but efficacy as defined by eradication of CMV from cultures (8 

of 14), resolution of fever (11 of 22), improvement of 

laboratory values (13 of 23), or any of the above (17 of 24 or 
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70%) was reported (53). In 20 renal tranplant patients treated 

with PFA in another study, a "good clinical effect" was thought 

to occur in 12 of 14 patients with primary CMV infection and 4 

of 6 with secondary CMV infection (62). Another small study of 

3 BMT and 3 renal transplant recipients showed dramatic 

improvement of CMV encephalitis in one patient, possible 

improvement related to PFA in another 3 patients, and 

suppression of positive cultures in one patient (63). The 

sUbjective nature of these assessments presents a problem in 

interpretation. Finally, improvement of CMV retinitis in AIDS 

patients during PFA therapy has been reported (64,65). 

Adverse reactions to PFA have included anemia, 

hypercalcemia, liver function abnormalities, and renal toxicity 

as manifested by increasing blood urea nitrogen (BUN) and 

creatinine (Cr). One uremic patient with a plasma level of >400 

mgjl experienced hallucinations and tremor in conjunction with 

PFA treatment (53,62); intention tremor has also been reported 

(65). The need for continuous intravenous infusions also 

presents problems. Differing regimens are under investigation, 

including early studies with an oral formulation of PFA. 

However, to date oral absorption has not been sufficient to 

achieve satisfactory blood levels of PFA (Oberg, B., personal 

communication) . 

Vidarabine 

Vidarabine (9-beta-D-arabinofuranosyladenine, adenine 

arabinoside, ara-A) is a purine nucleoside analog with activity 

against all human herpesviruses. It is less active against CMV 

than against herpes simplex virus (HSV) or varicella-zoster 

virus (VZV). In one study, an ED80 of 87 ugjml was found 

against 4 strains of CMV (66); much higher concentrations were 

necessary for complete inhibition (67). Vidarabine is rapidly 

deaminated by adenosine deaminase to hypoxanthine arabinoside in 

vivo (68); this metabolite is less active than the parent 

compound and is rapidly cleared by the kidneys with a half-life 
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of three and one-half hours (69,70). Plasma levels of 

vidarabine are 1-6 ug/ml and of hypoxanthine arabinoside 1-7 

ug/ml with an infusion of 10 mg/kg over 6 hours and the use of 

an inhibitor of deamination (68). Approximately 35% of plasma 

levels can be found in the cerebrospinal fluid (CSF) (71,72). 

Doses of 10-15 mg/kg/day of vidarabine are usually administered 

at a concentration of less than 0.5 mg/ml intravenously over a 

12 hour period. Within cells, vidarabine is phosphorylated to a 

triphosphate form which acts as a relatively selective inhibitor 

of herpes simplex DNA polymerase; a similar mechanism presumably 

is involved in its activity against CMV (72). 

Vidarabine has activity against the Smith strain of murine 

CMV in mice with Ehrlich ascites tumor. survival of infected 

mice was extended from 3 to 8 days in mice treated with 4 doses 

of 250 mg/kg i.p. as compared to controls (73). 

Clinical trials have not documented efficacy for 

vidarabine in CMV infections, although the numbers of patients 

studied have been small. A transient decrease in urinary viral 

excretion was noted in some of these stUdies. Patients with CMV 

mononucleosis complicated by thrombocytopenia (2 patients), 

congenitally-infected infants with severe CNS disease (5 

patients) and 5 immunosuppressed patients were treated with 5-20 

mg/kg/day infused over 12 hours for 5 to 15 days. Suppression 

of urinary viral excretion was seen in most of the 

immunologically intact and congenitally-infected patients, but 

viruria returned after 1-3 weeks off therapy. Two of the adults 

seemed to improve clinically with one showing an increased 

platelet count while two of the infants were thought to have 

improved clinically with increased appetite and decreased liver 

and spleen size. In the immunocompromised patients, viruria was 

only decreased slightly and viremia persisted. No patient was 

thought to have responded clinically (74). Another study 

reported treatment of 9 renal transplant patients with a variety 

of severe CMV-related diseases including pneumonia, hepatitis, 

prolonged fever, and pericarditis; four of these patients were 

treated on an open protocol and 5 in a double-blind study with 
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placebo. Neither virological nor clinical efficacy were seen in 

the treated group (75). Three additional renal transplant 

patients were treated by another group with 5-10 mg/kg/day, 

again with no apparent clinical improvement. Transient 

suppression of viruria was seen in one patient, but CMV was 

isolated from all patients after therapy. One patient died with 

CMV pneumonitis (76). In contrast, a 14 year old girl with acute 

lymphocytic leukemia and CMV pneumonia for 3 weeks was treated 

with vidarabine at 15 mg/kg/day with clinical improvement after 

48 hours and eventual resolution of her pneumonia (77). Finally, 

heart and renal transplant recipients and patients with lymphoma 

who had CMV retinitis were treated with vidarabine and compared 

to a group who were left untreated. Three of 7 untreated 

patients improved with a decrease in their immunosuppressive 

regimens. Five of 7 treated patients improved with a decreased 

inflammatory response on fundoscopic examination and a 

quantitative decrease in urinary CMV excretion (78). Taken in 

total, the above clinical trials are inconclusive as to the 

efficacy of vidarabine in CMV infection; if an effect exists, it 

certainly is not dramatic. 

Toxicities of vidarabine can be extensive. The drug is 

relatively insoluble and must be delivered in a large volume of 

fluid which can create difficulties in patients with compromised 

cardiac or renal function. Hematologic toxicities include 

anemia, leukopenia, and thrombocytopenia. Gastrointestinal 

toxicities of nausea, vomiting, and diarrhea have been described 

(79,80). CNS toxicities including myoclonus, tremors, and SIADH 

have also been seen in several patients (75,76,78,81,82). 

Acyclovir 

Acyclovir, 9-(2-hydroxyethoxymethyl)guanine (ACV), has 

potent activity against HSV types 1 and 2 and VZV. Its activity 

against CMV is much less pronounced; nonetheless, it has 

undergone clinical trials in patients with CMV infections with 

variable success. 
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Numerous studies have looked at the in-vitro sensitivity of 

CMV to ACV (reviewed in 83 and 84). The ED50 is dependent on 

the virus isolate used (laboratory or clinical), the assay 

methodology, and the cell line employed (85). In general, the 

ED50 for laboratory strains of CMV (e.g. AD-169) ranges from 

33.2 uM to 100 uM and for clinical isolates from 0.04 uM to 90 

uM with an average of 80 uM (30,49,81,86-89). Clinical isolates 

tend to be more sensitive to ACV than laboratory strains (90). 

For comparison, the ED50 for HSV averages 0.04-1.62 uM 

(30,84). Interestingly, murine CMV is much more sensitive to 

ACV with an ED50 between 0.05 and 0.48 uM (83,86,91). 

Serum levels achievable after a 1 hour intravenous infusion 

of 10 mgjkg average 90 uM (83) with peak plasma levels after an 

intravenous infusion of 5 mgjkg between 30 and 40 uM (92-94). 

The half-life is between 2 and 4 hours with 98% of the drug 

excreted in the urine. CSF levels are approximately 50% of 

serum levels. The drug has an oral bioavailability of 15 -30%; 

a regimen of 400 mg p.o. every 3 hours achieves serum levels of 

0.79-1.22 ugjml at steady-state (83). Peak plasma levels of 

1.4-4.0 uM (mean 2.5 uM) are reached one to two hours after a 

200 mg oral dose (92,95). The mechanism of action against HSV 

involves phosphorylation to the monophosphate by a 

virally-encoded thymidine kinase (TK) and subsequent 

phosphorylation to the more active triphosphate form by cellular 

kinases. The triphosphate is a relatively selective inhibitor 

of viral DNA polymerase (96). CMV lacks a thymidine kinase and 

mechanisms involving alternate phosphorylation pathways have 

been proposed to explain acyclovir's activity against CMV (91). 

The triphosphate is thought to inhibit CMV DNA polymerase as the 

final step (30,97,98). 

Animal studies have demonstrated efficacy of ACV against 

murine CMV infection. ACV was able to reduce, but not prevent, 

CMV replication in a model of CMV adrenalitis using athymic nude 

mice (99). Reduced titers and lung injury were also seen in a 

murine model of interstitial pneumonitis (32,100). Reduction of 

viral titers (101) and increased survival (102) were 
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demonstrated in disseminated murine CMV infection. It must be 

remembered, however, that murine CMV is much more sensitive to 

ACV than human strains and may not represent a good model in 

this respect. In contrast to the success seen in the murine 

model, acyclovir was ineffective in a guinea pig model of CMV 

disease when given 3 to 7 days following infection in a dose of 

100 mg/kg i.p. twice daily (59). 

Only one trial has described possible efficacy of ACV in the 

treatment of CMV infection in the immunocompromised host, most 

of whom were renal transplant recipients. Nine of 16 

immunocompromised patients received acyclovir and the remainder 

placebo. Improvement of CMV pneumonia was seen in three 

patients given ACV. Two treated patients with CMV pneumonia 

died, but they were semicomatose and bacteremic prior to 

initiation of therapy. All three placebo patients with CMV 

pneumonia died. As a group, the treated patients exhibited more 

rapid clinical improvement (7 vs 31 days) and fewer days of 

fever after therapy was begun (13 vs 31 days). Urine and 

throat cultures remained positive throughtout treatment, but 

viremia ceased after one day of therapy in most patients. ACV 

was given at 500 mg/m2 three times daily for 7 days in this 

protocol (103). Case reports and small uncontrolled series 

(104,105) have also suggested possible efficacy in transplant 

recipients with CMV infection. In contrast, 8 BMT patients with 

CMV pneumonia enrolled in an open study and treated with between 

400-1200 mg/m2 with peak plasma levels of 47-316 uM did not 

benefit from ACV therapy, only one patient survived despite 

treatment (106). Acyclovir therapy of congenital CMV infection 

has been attempted without success. Four infants with 

congenital CMV were given 15 mg/kg/day with only a temporary 

decrease in urinary viral titers and no apparent clinical 

improvement (88). Another 3 infants with congenital CMV 

infection were treated with ACV. One of the infants had a 

possible clinical response with decreased hepatomegaly and 

increased platelets. This infant had high peak plasma levels of 

ACV (136-163 uM), but this possible response is hard to evaluate 
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since the child received anti-CMV globulin concurrently (107). 

Toxicities of ACV are few. Renal crystalluria with bolus 

administration has been reported (108). Hematologic toxicity is 

rare at therapeutic concentrations (109). Local irritation if 

extravasation occurs has been noted (92). More recently, CNS 

side-effects including lethargy, ataxia, dysarthria, myoclonus, 

and coma have been reported, although these reactions are 

uncommon (110,111). 

other Nucleoside Analogs 

5-iodo-2'-deoxyuridine (IUdR) was one of the first 

nucleoside analogs to demonstrate activity against CMV. The 

ED50 in a plaque-reduction assay is between 0.2-1.2 ug/ml 

(112). IUdR appears to act, after conversion to the 

triphosphate, as a thymidine analog with incorporation into 

viral and host DNA (68). 

Mouse studies indicate little efficacy for IUdR against 

murine CMV. Twenty-five mg/kg i.p. twice daily for 8 days did 

not change mortality with disseminated murine infection although 

splenic titers of virus were somewhat reduced (112). Another 

study in mice also found no change in mortality with treatment 

(113). 

A case report of a child with congenital CMV infection 

described decreased urine titers of CMV and possible clinical 

improvement following treatment with IUdR in conjunction with 

novobiocin (114). A second case report noted a similar decrease 

in urinary viral titers during therapy and possible clinical 

improvement (115). It is impossible to extrapolate from these 

case reports and IUdR toxicity has prevented its further 

systemic use in man. Toxicities include thrombocytopenia (114), 

leukopenia, and jaundice (68). 

Cytosine arabinoside (l-beta-D-arabinofuranosylcytosine or 

ara-C) was initially thought to hold promise for the therapy of 

a variety of viral agents, but has been abandoned in viral 

infections because of its great toxicity (116,117). It has an 
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ED80 of 2.0-4.0 ug/ml in a plaque-reduction assay against CMV 

(64). The drug is rapidly deaminated to arabinofuranosyl uracil 

which is a less active metabolite than the parent compound 

(118). The drug is active in the phosphorylated form, but is 

only incorporated into DNA to a limited extent. It appears to 

inhibit phosphorylation of deoxycytidine (68). 

Therapy of mice with disseminated murine CMV with ara-C did 

not appreciably change mortality or virus recovery in lung, 

liver, or spleen (112). 

Several investigators have studied the effect of ara-C in 

small series of patients with congental CMV infection in open, 

uncontrolled studies. Dosages ranged from 2-15 mg/kg/day i.v. 

In the 15 infants studied, a transient suppression of viral 

excretion could be identified in 5 and elimination of viral 

excretion in 2, both possibly due to drug. Viremia abated in 

three infants. Possible clinical benefit was noted in 3 of the 

children, but was not of a dramatic nature (119-122). Nine 

renal transplant patients with CMV-related disease (1 with 

retinitis, 2 with pneumonia, and 6 with fever) were treated with 

ara-C at 35 mg/m2/day i.v. for 3-4 days with possible 

improvement in pneumonia in both patients, no change in the 

retinitis, and lysis of fever in the other patients (118). 

Again, the uncontrolled nature of this study makes firm 

conclusions difficult. 

Toxicities include marrow suppression (especially 

thrombocytopenia), nausea, vomiting, and LFT abnormalities 

(118,119,121,122). Mice treated with ara-C develop irreversible 

retinal and brain damage (123). The unexpected toxicities found 

in the controlled trial alluded to above emphasize the need for 

well-designed, controlled trials in the evaluation of antiviral 

compounds (124). 

Several other nucleoside analogs have been assayed for 

activity against CMV. One of the most promising appears to be 

1-(2'-deoxy-2'-fluoro-beta-D-arabinofuranosyl)-S-iodocytosine 

(FIAC) which has substantial anti-CMV activity and little 

cytotoxicity in culture. The EDSO for CMV is 0.3-0.6 uM 
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(125-127). Pharmacokinetic studies with i.v. and oral dosing in 

patients with herpesvirus infections indicate good 

bioavailability (128). The phosphorylated compound may interact 

with viral DNA polymerase (126). The drug is virostatic; removal 

from culture leads to production of infectious virus (125). 

A recent randomized, double-blind study compared the 

efficacy of FIAC with vidarabine in immunocompromised patients 

with localized and disseminated VZV infection. FIAC at 400 

mg/m2/day for 7 days was superior to vidarabine in decreasing 

the time to last lesion formation, decreasing pain, and 

decreasing time to initial crusting. Toxicities included only 

nausea and mild LFT abnormalities (129). Controlled trials 

utilizing FIAC for therapy of CMV infections would seem 

reasonable at this time. 

other nucleoside analogs 

applications in the future. 

fluorouracil (ara-FU) has an 

have anti-CMV activity and may find 

1-beta-D-arabinofuranosyl-5-

ED50 of 3.8 uM against AD-169. 

The mechanism of action appears to involve transformation to the 

monophosphate by cellular enzymes which inhibits thymidilate 

synthetase and decreases the dTTP pool. The triphosphate can 

inhibit viral DNA polymerase (130). (E)-5-(2-bromovinyl)-

2'-deoxyuridine (BVDU) has been effective in animal models and 

in-vitro against HSV. The ED50 against HSV-1 is .008-.03 

mg/l. It is also active in higher concentrations against CMV 

with an ED50 of 3.3 mg/l (131). It acts as a DNA polymerase 

inhibitor (132) and has additive effects in-vitro with 

alpha-interferon (133). 5-bromodeoxycytidine (BCDR) can 

completely inhibit the AD-169 strain of CMV in-vitro at 25 

ug/ml. This occurs in the absence of bromodeoxycytidine kinase 

activity (134). No further studies with this agent have been 

reported. 

Trifluorothymidine (TFT) has an ED50 of 0.22 uM for murine 

CMV and 0.012 uM for human CMV (135). Six clinical isolates had 

a mean ED50 of 0.57 uM (range 0.32-0.97 uM) while AD-169 had 

an ED50 of 2.1 uM in another study (136). In the presence of 

host thymidine kinase, TFT inhibits DNA polymerase and thymidine 
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synthetase and is incorporated into DNA. Despite high in-vitro 

activity against murine CMV, a continuous subcutaneous infusion 

could not protect mice against lethal infection at the dosage 

used (135). A new compound, (S)-9-(3-hydroxy-2-phosphonyl

methoxypropyl)adenine ([S]-HPMPA), with potent and selective 

activity against a broad range of DNA viruses has recently been 

reported (137). Two laboratory strains of CMV were inhibited at 

0.3 ug/ml in-vitro. No effects on host cell metabolism were 

seen at concentrations ~ 100 ug/ml. (S)-HPMPA is efficacious in 

several animal models of HSV infection. The antiviral effect of 

this compound is not dependent on viral thymidine kinase. 

Older studies have assessed other nucleoside analogs. 5-

fluorouracil-2-deoxyriboside (FUDR) was given to a neonate with 

severe congenital CMV infection at 0.5 mg/kg/day i.v. Complete 

clearing of CMV pneumonia was reported although viruria 

persisted and CMV was recovered from CSF after therapy (138). 

Ribavirin (1-beta-D-ribofuranosyl-1,2,4-triazole-3-carboxamide) 

has an ED50 of 8.9-32 ug/ml against human and murine CMV. 

Three mechanisms of action for ribavirin have been proposed; 

inhibition of 5 ' -cap formation of mRNA; inhibition of viral RNA 

polymerases; and competitive inhibition of IMP dehydrogenase 

thereby reducing intracellular GTP (139). Ribavirin given 

orally to mice had no effect on survival in a model of 

disseminated CMV infection and no effect on tissue titers in a 

murine model using a low inoculum of virus (140). Clinical 

trials of ribavirin in human CMV infection have not been 

reported. 

Interferons and Interferon Inducers 

Interferons have been used prophylacticly and therapeuticly 

for CMV infections; prophylactic applications have generally met 

with greater success (see below). There are three types of 

interferons (IFNs): alpha-IFN produced by peripheral blood 

lymphocytes; beta-IFN produced by fibroblasts; and gamma-IFN 

produced largely by T-lymphocytes. Recombinant alpha-IFN is now 
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approved for the treatment of hairy cell leukemia in the United 

states. Most current data suggest that CMV is relatively 

sensitive to IFNs (141). The degree of sensitivity is dependent 

on several factors including the source of the virus, the type 

of indicator cell used in the assay, the m.o.i., and the timing 

of inoculation of virus (141-143). The various species of IFNs 

have variable activity against CMV (144). Interferon inducers 

such as polyribocytidylic-inosinic acid also have in-vitro 

activity against CMV (145). Alpha-IFN is cleared from the 

circulation following intravenous administration with a 

half-life of 2-3 hours; the half-life with intramuscular 

administration is 4-6 hours. There is little CSF penetration 

and hemodialysis does not remove the drug (69,146). 

Animal studies have shown that pretreatment with IFN is 

necessary to effect the course of CMV disease in mice and rats. 

Murine IFN had no effect on mortality in disseminated murine CMV 

infection; however, pretreatment with the IFN-inducer 

polyinosinic-polycytidylic .acid or the complex with 

poly-L-lysine did decrease mortality in this model (147). 

Pretreatment with other IFN-inducers (two pyrimidone 

derivatives) also afforded protection in a mouse model (148). 

In a nonlethal model of murine CMV infection, pretreatment with 

mouse fibroblast IFN reversed growth retardation and partially 

restored splenic blastogenic responses (149). Pretreatment with 

rat IFN decreased viral titers of CMV in salivary and spleen 

tissues in a rat model of CMV infection (150). It is important 

to note that none of these studies were able to demonstrate any 

efficacy if drug was given after infection. 

The use of IFN for therapy of established CMV infection in 

humans has also met with little success. Several uncontrolled 

series have been reported. Eight BMT patients with CMV 

pneumonia were treated with human alpha-IFN (2 x 104-6.4 x 

105 units/kg/day i.m.); all 8 patients died with virus 

recovered in lung tissue at autopsy (151). Five BMT transplant 

recipients with interstitial pneumonitis (3 CMV and 2 

idiopathic) were treated with recombinant alpha-A-IFN (18 x 
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106-50 x 106 units/day i.m. for 5-18 days}; one patient with 

CMV pneumonia recovered and one patient with idiopathic 

pneumonia improved in this small series (152). Six additional 

BMT patients (4 of whom had CMV pneumonia) received a similar 

IFN preparation; all 6 patients in this series died (153). 

Congenital CMV infection has also been refractory to therapy 

with IFN. Two studies using human a1pha-IFN could only 

demonstrate a transient (4 patients) or complete (3 patients) 

decrease in viruria with no effect on viremia and no apparent 

clinical benefit (154,155). Finally, 4 patients with CMV 

retinitis (3 associated with AIDS) were treated with alpha-IFN 

(5 x 106-36 x 106 units/day for 19-62 days) with retinal 

disease progression in 3 of 4 patients associated with 

increased viruria in 2 patients and decreased viruria in 2 

patients (156). Another study treated 5 patients with AIDS and 

CMV retinitis with 18 x 106 units of recombinant alpha-IFN 

i.m. three times per week for 4 weeks. Only one patient had 

improvement in visual acuity and retinitis. Therapy in this 

patient was discontinued because of neurotoxicity. No 

consistent effect was seen on CMV viral excretion although the 

one patient who responded clinically had diminished titers in 

oral washes and urine during therapy (157). 

Toxicities of IFNs include fever, chills, local pain at the 

injection site, anorexia, fatigue, nausea, vomiting, liver 

function abnormalities, confusion and reversible (but at times 

dose-limiting) marrow suppression (92,152,153). At the present 

time, ~FNs do not seem to be effective agents when used alone 

for the treatment of established CMV infection in 

congenitally-infected infants or immunocompromised adults. 

Immunoglobulins 

Serum immunoglobulin and "hyper immune " immunoglobulin 

preparations directed against CMV have been employed in the 

therapy and prophylaxis of CMV infections in immunocompromised 

hosts. Several different preparations, which differ in their 
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route of administration and titer of anti-CMV immunoglobulin, 

have been tested and described (158-160). Pharmacokinetics and 

dosing schedules vary with each preparation. As with IFN, 

treatment has generally been less efficacious than prophylaxis 

(see below) • 

Antibody administered to mice with CMV interstitial 

pneumonia 24 hours after infection reduced viral titers in lung 

tissue by >90%, but did not alter lung pathology (100). Immune 

serum administered 6 days after acute infection in normal mice 

with disseminated CMV infection did not change mortality; in 

mice rendered immunocompromised by treatment with rabbit 

antiserum to murine lymphocytes, decreased viral dissemination 

to organs other than salivary gland was demonstrable (161). 

Several uncontrolled trials and case reports have suggested 

efficacy of immunoglobulin (Ig) preparations in the therapy of 

CMV infection. Seven renal transplant patients with CMV 

syndromes (5 with lung infiltrates presumably due to CMV) were 

treated with hyper immune anti-CMV Ig (titer 1:900); 12.5 ml was 

injected intraperitoneally and 12.5 ml subcutaneously. Five of 

7 patients showed a "complete and sustained" response within 24 

hours of therapy (162). Another uncontrolled study gave 200 

mg/kg/day i.v. of human IgG with an anti-CMV titer of 1:256 by 

IHA to 52 renal transplant recipients. No virologic studies 

were done and the description of the patient population was not 

detailed, but the impression was of a beneficial effect (163). 

Two case reports describe renal transplant recipients with CMV 

pneumonia who recovered in conjunction with Ig therapy 

(164,165). Other case reports describe improvement in an infant 

with transfusion-acquired CMV pneumonia and an increase in 

platelet count in an infant with congenital CMV infection during 

Ig therapy (166,167). In a somewhat larger uncontrolled series, 

10 BMT patients with CMV pneumonia received CMV-specific 

hyperimmune globulin i.v. (200-400 mg/kg for five doses over 16 

days); 6 of 9 patients improved within 12-14 days of the first 

infusion while 3 of 9 patients died (168). This represents a 

dramatic decrease in mortality for this frequently fatal 
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complication of BMT. However, 10 BMT patients in another series 

given a similar dose and formulation of i.v. Ig did not fare as 

well; 8 of 10 of these patients died (169). The reason for 

these differences in outcome are not immediately clear, but 

highlight the need for controlled studies. 

Drug Combinations 

Various therapeutic combinations of antiviral agents with 

activity against CMV have been employed with little success. 

In-vitro data indicate that certain combinations have 

synergistic activity against CMV. In these studies, clinical 

isolates were typically more sensitive than laboratory strains 

of CMV. ACV in combination with PFA (170), vidarabine (171), 

TFT (136,170), or alpha-IFN (133) were all synergistic 

in-vitro. Two studies found ACV and alpha-IFN to be additive 

in-vitro (172,173). ACV and beta-IFN had additive effects as 

well (170). TFT was synergistic with PFA but additive with 

beta-IFN against clinical isolates (136). Alpha-IFN was 

additive in combination with vidarabine and BVDU (133). 

Finally, DHPG was additive with alpha-IFN but synergistic with 

beta-IFN (173). However, no advantage of ACV in combination 

with beta-IFN compared to ACV alone could be demonstrated in a 

mouse model of CMV pneumonia (174). 

Several studies of series of BMT patients with CMV pneumonia 

treated with combination antiviral therapy have been reported. 

None of these studies have demonstrated a decrease in 

mortality. In 7 BMT patients treated with alpha-IFN (4 x 

104-1.6 x 105 units/kg/day) and vidarabine (2.5-10 

mg/kg/day), mean virus titer in lung decreased with therapy but 

only one patient survived. In addition, granulocytopenia and 

severe neurotoxicity with tremors, hallucinations, myoclonus, 

and seizures were seen (175). Thirteen BMT patients were 

treated with ACV (500-1000 mg/m2/day) and alpha-IFN (2 x 

104 -40 x 104 units/kg/day) intramuscularly; 10 of thirteen 

died, although several had decreased viral titers in lung 

tissue. Toxicity was again significant. Marrow suppression, 
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renal dysfunction, and tremors with agitation were noted 

(176,177). Eight BMT patients with CMV pneumonia were treated 

with ACV (1 g/m2 every 8 hours) and alpha-IFN (20-40 x 10 6 

units/day) intravenously. Seven of 8 patients died although 2 

had decreased viral titers in lung and 2 had suppression of 

viremia. Toxicities were severe and included lethargy, 

confusion, incontinence, neutropenia, renal dysfunction and 

hepatic abnormalities (178). Case reports of single patients 

have shown possible success with various combinations. A BMT 

recipient with CMV pneumonia was treated with ACV (1500 

mg/m2/day) and beta-IFN (10 x 106 units/day) with apparent 

response (179). A renal transplant patient with CMV pneumonia 

received hyper immune anti-CMV globulin and DHPG (5 mg/kg b.i.d., 

i.v.) with rapid resolution of her pneumonia (164). A 20-month 

old child with hypogammaglobulinemia (IgG and IgA) , T-cell 

dysfunction, and a CMV-related syndrome of fever, rash, 

lymphadenopathy, and pneumonia recovered after treatment with 

hyperimmune plasma, alpha-IFN, and levamisole (180). 

Further controlled studies with different drug and/or immune 

serum combinations in various patient populations are needed to 

determine if dual therapy is efficacious. The combinations 

tested thus far do not appear satisfactory. 

other Agents 

Several other agents are of potential interest in the 

therapy of CMV infections. Arildone (4-[6-(2-chloro-4-

methoxy)phenoxyl]hexyl-3,5-heptanedione) is an aryl-beta-ketone 

which can completely suppress CMV expression in vitro at 3 ug/ml 

(181) when diluted in DMSO. Immediate early antigen is produced 

but no late antigens, viral DNA, or progeny virus (182). 

Another study found 64% suppression of CMV replication with 3 

ug/ml of Arildone: productive replication occurred with removal 

of the drug (183). The mechanism of action against HSV seems to 

involve inhibition of viral uncoating, but another mechanism may 

be important in relation to CMV (181,182). 
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Two polyamine biosynthetic pathway inhibitors have anti-CMV 

activity in vitro. DMFO (D,L-alpha-difluoromethylornithine) can 

suppress CMV, although low viral input titers and drug 

pre-treatment are necessary to demonstrate an effect (184). 

MGB-G, another polyamine antimetabolite, has an ED50 of 

0.5-1.8 uM against CMV in-vitro (185). 

Transfer factor, a dialyzable material obtained from human 

lymphocytes, has been utilized in the therapy of CMV 

infections. Three infants with congenital CMV infection given 2 

doses of transfer factor had transient suppression of urinary 

viral excretion (186); however, further infants treated with 

this same regimen and a slightly modified regimen did not have 

suppression of viral excretion (187). A 4-year old boy with a 2 

year history of fever, rash, abdominal pain, and arthralgias 

presumably due to CMV, was given oral bovine transfer factor for 

6 months with resolution of symptoms and a restoration of the 

blastogenic response to CMV antigens (188). A 7-month old 

infant with fever, rash, weight loss, lymphadenopathy, and 

hepatosplenomegaly, again presumably due to CMV, improved with 

transfer factor therapy (189). These case reports are 

inconclusive as to the value of transfer factor in the therapy 

of CMV infections. 

Interleukin-2 (IL-2) is important in cell-mediated 

cytotoxicity against CMV (190) and its possible usefulness in 

CMV infections has been suggested (191). Analysis of data in 

treatment trials of AIDS patients utilizing IL-2 might shed some 

light on this possibility. Preliminary analysis of one such 

trial indicated a possible beneficial effect in decreasing CMV 

titers in semen with higher doses of IL-2 (192). Similar 

effects on viral titers were seen with isoprinosine in this 

study. 

Two antibiotics with antiviral activity against CMV are 

rifampin (193,194) and novobiocin (195,196). Mithramycin can 

also suppress CMV infection in-vitro (197). Many other 

compounds have some degree of anti-CMV activity (198), but 

require more detailed in vitro and in vivo analysis. 
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Prevention of CMV Infections 

The prevention of CMV infections, especially in 

immunocompromised hosts, has been an area of great interest and 

investigation. Prophylaxis takes on added importance in light 

of the less than ideal therapeutic modalities which are 

presently available. Blood transfusion represents a major mode 

of transmission of CMV to immunocompromised hosts. Prevention of 

transmission by the screening of blood for CMV antibodies or by 

using leukocyte-depleted or frozen, deglycerolized blood may 

provide a reasonable means of decreasing the incidence of 

CMV-related disease in the immunocompromised host. In addition, 

various drugs and immunoglobulin preparations have met with 

variable success in the prevention of CMV disease. These 

modalities will be reviewed here. The prevention of CMV-related 

disease by vaccination represents another major mode of possible 

prophylaxis but will not be discussed further in this review. 

Transfusion 

The prevention of CMV transmission via blood products has 

been an area of major concern (reviewed in 199-201). At risk 

populations include organ tranplant recipients, preterm and low 

birthweight infants, and seronegative pregnant women. 

Granulocyte transfusions seem especially effective at 

transmitting CMV (202-204), but all blood products can transmit 

the virus. Blood products with a decreased likelihood of 

transmitting CMV can be obtained by donor antibody screening 

(205-207), leukocyte depletion, or the use of frozen, 

deglycerolized blood (208,209,210). These products should 

certainly be used whenever possible in seronegative pregnant 

women, seronegative transplant recipients receiving organs from 

seronegative donors, and seronegative preterm infants with 

birthweights less than 1250 grams (211,212). Some would extend 

these recommendations to include all newborns who will be 
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multiply transfused and all infants less than 1300 grams 

(213-215). These guidelines are likely to change as more data 

become available in each of the high risk groups. Nonetheless, 

the use of these techniques represents an effective means of 

preventing CMV-related disease in susceptible populations. 

Drug Prophylaxis 

Acyclovir and alpha-IFN have proven efficacious in 

decreasing CMV-related infections in immunocompromised hosts 

when used in prophylaxis. Vidarabine has been shown to be 

ineffective in a placebo-controlled prophylactic trial in BMT 

patients (216). 

Acyclovir given orally at 200 mg q6h from 8 days prior to 

BMT through 35 days post-transplant afforded complete protection 

against CMV viremia and pneumonia during drug therapy as well as 

complete protection against HSV infection when compared to 

placebo; zero of 11 vs 7 of 10 patients had viremia and 0 of 11 

vs 3 of 10 had CMV pneumonia (217,218). A more recent report 

utilizing i.v. ACV at 500 mg/m2 q8h from 5 days prior to BMT 

through 30 days post-transplant also found a decrease in CMV 

infection and pneumonia as well as increased survival in the 

treatment group. The rates for infection, pneumonia, and 

survival were 68% and 90%, 19% and 35%, and 72% and 46% in the 

treatment and control groups respectively. The control group 

consisted of 65 HSV seronegative patients who were CMV 

seropositive, while the 86 patients in the treatment group were 

seropositive for both viruses; the groups are therefore not 

strictly comparable (219). Two other studies were unable to 

document an effect of ACV in BMT patients when given 

prophylacticly. A small trial using 5 mg/kg i.v., three times 

per day versus 800 mg p.o., four times per day documented a 

comparable number of CMV infections in both groups; this study 

suffers from the lack of an untreated control group (220). 

Another placebo-controlled trial treated 20 BMT recipients with 

i.v. ACV 250 mg/m2 from 5 days pre-transplant through 5 weeks 
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post-transplant and then with p.o. ACV 400 mg t.i.d. through 6 

months. Twenty-two patients received placebo. There was no 

statistical difference between CMV infections in the two groups 

(221). These discrepancies may relate to differences in 

transplant and treatment protocols or differences in patient 

populations. It appears that at least in some instances, ACV 

may have prophylactic value in BMT patients. Further studies to 

define the exact circumstances are warranted. 

Prophylactic alpha-IFN in renal transplant patients can 

decrease the incidence of CMV syndromes and possibly the 

incidence of superinfection. In an initial study, renal 

transplant patients who were both seropositive and seronegative 

for CMV were randomized to receive either human alpha-IFN at 3 x 

10 6 units/day on days 1 and 2 following transplant and then 

twice weekly for 6 weeks (21 patients) or placebo (20 

patients) . There was a delay in onset of viremia in the 

treated patients (7.2 vs 4.2 days) and a decreased incidence of 

viremia (5 of 11 vs 9 of 10). The incidence of CMV infection 

was correlated with administration of anti thymocyte globulin 

(ATG) in both groups (222). In a further study which included 

only CMV seropositive renal transplant recipients, 20 patients 

received 3 x 106 units i.m. three times per week for 6 weeks 

and then twice weekly for 8 weeks while 22 patients were given 

placebo. Clinical signs of CMV infection were decreased in the 

treated group compared with controls (1 of 20 vs 7 of 22). Two 

superinfect ions occurred in the placebo group and none in the 

treated group. Dosage and species of IFN used seem important; a 

study using high doses of recombinant IFN-alpha (36 x 10 6 

units three times per week) was ineffective in reducing CMV 

infection and, in addition, induced steroid-resistant rejection 

episodes (223). 

Lower doses of azathiaprine and prednisone administered when 

ATG was employed lowered the overall incidence of CMV infection 

in renal transplant recipients (224). Moreover, increasing use 

of cyclosporine and decreasing use of antilymphocyte globulins 

in renal transplant recipients has further reduced CMV syndromes 
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and, thus, the need for prophylaxis in this population. 

Immunoglobulins 

Mice given anti-CMV Ig passively can be protected against 

lethal murine infection (225). Analogous findings have been 

described in various human trials; many of these trials 

represent well-designed and controlled studies. BMT patients 

are the best studied group. All but one of these studies 

showed efficacy, especially in patients who did not receive 

leukocyte transfusions. Treatment with high titer anti-CMV Ig 

(1:2048 by CF) i.m. for three doses before transplant and weekly 

thereafter through day 77 post-transplant significantly 

decreased CMV infection compared to a control group for patients 

who had not received granulocyte transfusions (2 of 17 vs. 8 of 

19) (226). Another study administered 20 ml/kg i.v. before 

conditioning and then weekly thereafter through day 120 

post-transplant. This trial documented a significant decrease 

in interstitial pneumonia due to CMV compared to controls (3 of 

18 vs 8 of 18); seven of the control patients and 2 of the 

treated patients with CMV pneumonia died (227). In a study with 

2 control arms consisting of no therapy and CMV-deficient Ig, 

patients treated with 200 mg/kg of hyperimmune anti-CMV Ig i.v. 

(titer 1:1600 by ELISA) on days 25, 50, and 75 post-transplant 

experienced no episodes of interstitial pneumonitis compared to 

6 and 3 episodes in the two control groups respectively (228). 

Hyperimmune globulin compared to pooled serum immunglobulin at 

0.1 g/kg i.v. for 6 doses starting 7 days pre-transplant was 

more efficacious in decreasing CMV pneumonia in 49 patients with 

BMT (1 of 26 vs. 6 of 23) (229). In another randomized, 

controlled trial, symptomatic CMV infection and interstitial 

pneumonitis were significantly decreased in patients treated 

with hyperimmune Ig at 10 mg/kg i.m. before conditioning and for 

7 doses after transplant, when compared with no prophylactic 

therapy. The effect was particularly pronounced in patients who 

had not received leukocyte transfusions. No change in mortality 
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could be documented in this study (230). The one study which 

did not document a beneficial effect of prophylactic Ig divided 

patients into 4 groups; administration of only seronegative 

blood products with or without high titer anti-CMV Ig and no 

screening of blood products with or without Ig. The patients 

were further stratified according to seropositivity to CMV 

pre-transplant. seronegative blood products given to 

seronegative recipients were effective in decreasing the 

incidence of CMV-related disease. No effect of Ig therapy could 

be detected in any group, but the numbers were small and the 

confidence intervals broad (212). 

Similar studies have been conducted in renal transplant 

recipients. In a study using historical controls, patients 

receiving hyper immune globulin i.m. seemed to have fewer and 

less severe CMV-related syndromes. This study suffers from the 

fact that different immunosuppressive regimens were employed 

during these time periods (231). Another study reported the 

preliminary results of a trial in renal transplant patients 

stratified by pre-transplant serology and given hyper immune 

globulin i.v. compared to a control group without therapy. The 

initial results suggested a decrease in seroconversion and 

CMV-related disease in the treatment group (232). Preliminary 

reports of a prospective, randomized study comparing hyper immune 

globulin administration (31 patients) with no prophylactic 

therapy (38 patients) in seronegative renal transplant 

recipients have also suggested efficacy. A CMV-associated 

syndrome was documented in 24% of the treated patients and 55% 

of the patients not given therapy. CMV pneumonia, retinitis, 

opportunistic infection, viremia, and mortality were all reduced 

significantly in the treatment group. Seroconversion rates were 

similar in the two groups (233). 

The toxicities of Ig preparations seem to be limited. 

Symptoms compatible with serum sickness have been reported in 

two patients given i.v. Ig (not hyperimmune) who had undergone 

cardiac transplant (234), but other serious toxicities have not 

been reported. 
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In summary, intramuscular and intravenous immunoglobulin seem 

to prevent or attenuate serious CMV disease in BMT and renal 

transplant recipients. utilization of seronegative blood for 

seronegative recipients also seems efficacious. Further 

controlled trials with larger numbers of patients stratified 

into seropositive and seronegative recipients with and without 

screening of blood products are needed to further define the 

effectiveness of prophylactic immunoglobulin therapy and better 

define side effects and dosage schedules. 

Summary 

Considerable progress has been made in recent years towards 

the development of satisfactory regimens for both prophylaxis 

and therapy of CMV infections in immunocompromised hosts (Table 

1). Effective preventative strategies now exist in certain 

immunocompromised groups; these modalities need to be extended 

and modified for use in other high risk populations. DHPG 

appears to be a major advance in the treatment of CMV 

infections. Suppressive antiviral therapy for established 

infection is possible in certain groups of patients and evidence 

exists that occassional patients may be cured of CMV-related 

disease. The next major hurdles to be overcome in the control 

of CMV infections are the development and controlled study of 

orally bioavailable and non-toxic regimens for both prophylaxis 

and therapy. 



Table 1 

186 

Agents with Possible Prophvlactic or Therapeutic 
ACt1V1ty Aga1nst 

CMV Infections 1n Immunocompromised Hosts 

Patient Population References1 

Prophylaxis 

Acyclovir Bone Marrow Transplant 

Alpha-IFN Renal Transplant 

Immunoglobulins Bone Marrow Transplant 

217-221 

222-224 

212,226-230 

Therapy 

DHPG2 AIDS 3 

PFA4 Bone Marrow Transplant 

AIDS 

Bone Marrow Transplant 

Renal Transplant 

27,35-38,41-46 

25,27 

64,65 

53,60,61,63 

53,60,62,63 

1. Includes both positive and negative reports 

2. DHPG = 9-(1,3-dihydroxy-2-propoxymethyl)guanine 

3. AIDS = Acquired Immunodeficiency Syndrome 

4. PFA = phosphonoformate 
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INTRODUCTION 
Haematological malignancy provides a model of acquired combined 

immunodeficiency. During intensive treatment the degree to which the 
patient is immunocompromised (IC) is increased and is comparable to 
that seen in the Acquired Immunodeficiency Syndrome (AIDS). 
Fortunately the patient with a haematological malignancy usually has a 
limited period of compromised immunity unlike the AIDS patient. 

We have chosen to deal with haematological malignancy in this 
Chapter on the prophylaxis of herpes group infections but the studies 
detailed are often applicable to other IC patients, from renal 
transplant recipients to those with AIDS. 

BACKGROUND 
Herpes (DNA) viruses are ubiquitous in the human race and, as 

such, most individuals have been previously infected (based on 
serological surveys) and are therefore carriers of latent virus. The 
majority of patients who become immunocompromised, for whatever reason, 
will experience a reactivation of certain of the Herpes group viruses. 
These are, most commonly, Herpes Simplex (type 1) (HSV), Varicella 
Zos ter Vi rus (VZV) and Cytomega 1 ovi rus (CMV). The extent to whi ch 
patients with latent Epstein-Barr Virus (EBV) reactivate and develop 
infection with this virus is presently not quantified but appears to be 
less frequent than with the other viruses. HSV type II reactivations 
are equally frequent in those (the minority) who have latent virus. 

The incidence of reactivation illustrated by the BMT recipient is 
staggeringly high at around 50-80% for HSV type I (1,2,3,4,5). 

The BMT patient illustrates another fascinating feature of the 
Herpes family. Young and others (6,7,8) have documented a remarkably 
DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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consistent temporal pattern of reactivation following BMT. HSV in the 

first few weeks followed by CMV between 30 and 90 days (mainly) with 

VZV reactivation occurring usually from 3 up to 18 months after the 

procedure. Not only is this observation of biological interest, but 

it also introduces an important logistic complication: How do we 

provide long term effective prophylaxis in this setting? 

Of course the IC patient may also acquire a ~ ~ (primary) 

infection but in numerical terms this is of lesser importance, although 

the possibilities for prophylaxis are probably greater. 

Not only are the Herpes group infections frequent in the IC 

patient but what in the normal patient is frequently a "trivial" 

infection will often cause considerable morbidity and even mortality. 

HSV reactivation is the most frequent infection in leukaemic and BMT 

patients and it was associated with a 4% mortality in BMT recipients 

prior to the availability of effective treatment or prophylaxis (9). 

CMV reactivations often lead to CMV pneumonitis in the BMT patient and 

after leukaemic relapse are now the most frequent single cause of 

death. In allogeneic BMT 22% get interstitial pneumonitis and in 40% 

this is associated with CMV with case fatality in the IBMTR in excess 

of 80% (10). 

Prophylaxis of Herpes Simplex infections 

Following the observations of impressive in-vitro and in-vivo 

activity of acyclovir (ACV) against HSV including treatment in IC 

patients (12) a randomised placebo controlled multicentre study in the 

U.S.A. demonstrated a highly significant reduction in the period of 

vi ra 1 excreti on (13). Both the Johns Hopki ns and Royal Free groups 

elected to use acyclovir as prophylaxis of HSV infection in BMT (1) and 

chemotherapy plus BMT patients (2). In the latter EBV excretion was 

also studied. 

Sara 1 and co-workers gave 250mg/m 2 ACV 8 hourly by 1 hour I. V. 

infusion starting 3 days prior to transplant for 18 days. Patients 

who were seropositive (~1;8) to HSV were randomised to receive ACV or 

placebo. Five of 10 patients having placebo developed an HSV 

mucocutaneous reactivation against none of 10 who received ACV. 

In the Roya 1 Free study (2) ACV (5mg/kg) was gi ven by one hour 

infusion every 12 hours. All seropositive (~1:8) consecutive patients 
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hav i ng chemotherapy (n = 39) or BMT (n = 20) were randomi sed by 

stratification to receive ACV or placebo within 24 hours of starting 

the chemotherapy or receiving the BMT. In this study total protection 

was again confirmed in the BMT group with a 50% failure rate in the 

placebo arm (p = 0.033). In the chemotherapy stratification the 

failure rate on ACV was 2/19 against 10/20 in the placebo arm (p = 
0.018) . 

The Royal Free study showed additional benefits. First, 

prevention of HSV infection in the BMT stratification was associated 

with a significant reduction in the period of neutropenia «1.0 x 

109/1) (p = 0.001) (one CMV failure excluded). This was an unexpected 

observation but was subsequently confirmed by the Seattle group (Meyers 

- Personal Communication), whil st previous studies had demonstrated 

transient neutropenia in chickenpox (14). Second, the number of 

febrile days was reduced in the BMT/ACV group (p = 0.047) and this was 

mirrored by a reduction in the number of days of antibiotic usage (p = 
0.06). Subsequent studies from Sweden using oral ACV (see below) 

showed a statistical significance for a reduction in the risk of 

bacteraemia (15) in a placebo controlled study (p = <0.05). The 

reduced rate of bacteraemia has been attributed to a protective effect 

on mucosal integrity when HSV reactivation is prevented (16). The 

maj or bacteraemi c pathogen in thi s study was Streptococcus vi ri dans 

considered to have been derived from the oral cavity. 

Follow-up of patients in the BMT arm of the Royal Free study 

showed delayed reactivation of HSV in those who had received ACV and it 

was concluded that the period of protection should be extended to cover 

the period of major risk. That is, until immune function was 

considered adequate to at least protect against dissemination of HSV. 

The consensus is that this could be for up to 6 months after BMT. 

Clearly I.V. prophylaxis is not practical and we and others therefore 

embarked upon a series of studies utilising oral agents. 

Our own open study of oral ACV 400mg 6 hourly fort 6 weeks after 

BMT resulted in an approximate 50% reduction in HSV reactivation (to 

25%) and was considered a failure (17). By contrast the Seattle group 

(18) showed total protection where patient compliance was at least 40% 

with a prescribed dose of 400mg five times daily in seropositive BMT 
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patients. Gluckman et al (19) showed total protection with only 200mg 
6 hourly. Although ACV absorption was relatively poor in the Royal 
Free study (twice the dose was administered), the resulting plasma 
levels were identical to those of the French group. Thus, the 
difference in protection remains unexplained. 

Attempts have been made to improve the oral absorption of ACV by 
prepari ng prodrugs. The fi rst of these BW134U (Aminoacyclovir) 

[2,6-diamino-9-(2-hydroxyethoxymethyl )purine] was shown in animal 
studi es to be well absorbed (20). Fo 11 owi ng absorpt i on BW134U is 
rapidly deaminated to ACV (approximately 65%). Higher levels of ACV 
were generated in normal subjects compared with oral ACV and this was 
confi rmed in BMT rec i pi ents. An equi va 1 ent dose of BW134U and ACV 
will result in an approximate doubling of the plasma ACV level with the 
former (21). This drug was recently withdrawn in the light of 
preclinical toxicology studies but, in any event, has also been 
superseded. 

A515U (Deoxyacyclovir/amino(hydroxyethoxymethyl)purine) - a deoxy 
cogener of ACV- is almost completely absorbed in normal volunteers 
(22). It is then co~verted by xanthine oxidase to ACV. To date only 
the pharmacokinetic profile has been determined in immunocompromised 
hosts. Selby et al in (23) gave A515U at a dose of 250mgs 6 hourly to 
patients with acute leukaemia undergoing remission induction therapy. 
The peak plasma level achieved was 23.71lmol (mean). No toxicity 
attributable to the A515U or ACV was noted. 

To eleven consecutive HSV seropositive BMT recipients we gave I.V. 
ACV (5mg/kg 12 hourly) for 14 days followed by oral A515U (250mg 6 
hourly) for 7 days and then oral ACV 400mg 6 hourly for 7-21 days. 
The pharmacokinetic profile was obtained during each phase of the study 
(for A515U on days 4 or 5 of treatment). Again excellent plasma 
levels were obtained (8 of 11 adequately studied). These were 
approximately 4 fold higher than those obtained with oral ACV. The 
mean peak plasma level achieved was 16.41lM at 2 hours post dosing for 
A515U and 4.591lM for oral ACV. The ACV level for A515U was well in 
excess of the ID50 for HSV 1 & 2 (and VZV - see below). Res i dua 1 
A515U with a peak plasma level at 1 hour post-dose of 3.631lM was also 
found. Again no toxicities attributable to either ACV or A515U were 
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seen. It seems likely that current studies will confirm the 
suitability of A515U for long term prophylaxis. 

Other drugs with proven in-vitro activity against HSV have, to 
date, only been tested in open therapeutic studies but may have 
clinical utility in prophylaxis. These include Bromovinyldeoxyuridine 
(BVDU) (24), Vidarabine (Ara-A - Adenine Arabinoside [although this 
drug must be given by slow LV. infusion and is myelotoxic]) and 
Interferon. 
Prophylaxis of Varicella Zoster Virus Infection 

Control of VZV infection is a mainly cellular immune phenomenon 
but investigations in patients with Hodgkin's disease have shown that 
those with the lowest antibody titres are most susceptible to infection 
on exposure (25,26). The value of the use of zoster immune globulin 
(ZIG) in children with acute lymphoblastic leukaemia who are immunised 
wi thi n 72 hours of exposure, is very well documented (27). However, 
anecdotally, we have for some years treated contacts with oral 
acyclovir for 14 days (400mg p.o. 6 hourly in adults) with no case of 
overt infection. 

There have now been a large number of studies of a live varicella 
vaccine, nearly all amongst children with leukaemia, in Japan (28). 
Care has been taken to vacci nate the chi 1 dren after a peri od of at 
least 6 months in continuous remission and when they had positive 
reactions to skin test antigens. In the study of Kamiya 54 children 
were vaccinated and 21 followed up for over 5 years. Seroconversion 
occurred ina 11 cases but seroregress i on was observed in 7 (13%). 
Thirty three definite exposures to varicella occurred but only 3 
developed an infection (6%) which was mild in all cases. Herpes 
Zoster occurred at a rate of 15.4% which was similar to the rate in 
patients who had natural VZV infection before the onset of disease. 

For the future, double-bl ind placebo-controlled studies of oral 
acyclovir, probably as the prodrug A515U and Bromovinyldeoxyuridine 
(BVDU) need to be undertaken in high risk groups (i.e. marrow 
transplant patients) throughout the prolonged period of risk. 
However, it remains to be seen whether this approach will be 
logistically or economically viable and an early intervention approach 
with intravenous acyclovir, along with treatment of contacts, will 
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probably continue to be the mainstay of management. Future 

developments in vaccine technology should also become available, that 

is the use of VZV recombinant DNA vaccines. In marrow transplant 

recipients the Royal Free BMT group have recently demonstrated the 

adoptive transfer of B cell immunity from donor to recipient in T 

lymphocyte depleted BMTs (29). That it might have clinical utility is 

anticipated. 

Cytomegalovirus 

Acyclovir has only minimal activity against CMV in-vitro, 

presumably because this virus does not code for Thymidine Kinase (TK). 

Despite this a randomised study in Paris (19) showed apparent 

protection. In the group receiving oral ACV (200mg 6 hourly) given 

from day -8 to day +35 in BMT recipients there were no instances of CMV 

infection during the period of therapy (0/20) against 7/19 receiving 

placebo. Following treatment (35 - 100 days) there were 7 episodes in 

the ACV group and 11 in the placebo arm. Whilst this was a surprising 

result the timing of the CMV infections following BMT in the placebo 

arm was also unusual. These infections are unusual before 30 days 

after BMT in the experience of most groups. At the Royal Free 

Hospital we have observed CMV infection occurring during I. V. ACV 

prophylaxis. A large multi centre European group is studying this 

question at present. 

A recent multicentre study from the U.S. (30) has reported a 

reduced risk of CMV infection and mortal ity i·n CMV seropositive 

recipients receiving high dose I.V. ACV (50Omgs/m 2 ). The therapy was 

allocated such that patients who were HSV seropositive received ACV 

whilst the others had placebo. This important observation may require 

confirmation with a placebo controlled study where randomisation is 

made in all CMV seropositive patients since HSV serological status ~ 

have influenced the outcome. 

Many drugs with activity against CMV both in-vitro and in-vivo 

have been tested therapeuti ca lly but none has, as yet, been used for 

prophylaxis. The following drugs with anti-CMV activity are of 

interest; FIAC (2~fluoro-5-iodoarabinosyl)cytosine (31), Foscarnet 

(Phosphonoformate) (32) and BWB759U/DHPG(9-(1,3,-dihydroxy-2-

propoxymethyl)guanine. The latter, an ACV derivative, has 
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particularly impressive in-vitro activity (33). In-vitro studies in 

established CMV interstitial pneumonitis from the Seattle group (34) 

confirms this activity with up to a 4 log reduction in viral titre in 

serial lung biopsies as well as cessation of viraemia and viruria. 

Unfortunately this effect had no influence on survival (9/10 
succumbed). This observation supports the possibility that the 

lethality of CMV pneumonitis in BMT recipients is not entirely 

attributable to the virus and may, in part, be caused by the host 

response. 

Several groups have now published their results on the use of CMV 

immune plasma or "hyperimmune" globulin, with conflicting results in 

BMT recipients. Winston et al (35) used immune plasma with complement 

fixing antibody titres of 1:64+. BMT (for severe aplasia or 

1 eukaemi a) reci pients were randomi sed to recei ve thi s plasma or no 

therapy intermittently for approximately 4 months. There were 39 CMV 

negative recipients and 9 who had titres of 1:8 or greater. The 

leukaemia group were conditioned with total body irradiation, a known 

risk factor for the development of CMV Lpn. Patients who did not 

receive granulocyte transfusions developed CMV infections in 9 of 18 
contro 1 sand 7 of 17 who recei ved the immune plasma. Severe CMV 

infections were less frequent in those having the immune plasma (1/17) 
compared to (8/18) controls (p = 0.03) as was CMV pneumonitis (6/18 
versus 6/18) (p = 0.02). In seropositive recipients 5/5 in the 

control arm developed CMV infection compared with 1 of 4 receiving the 

plasma (p = 0.048). Survival was similar in the two groups. 

The Sloan-Kettering group (36) in a randomised study compared CMV 

hyperimmune globulin with globulin deficient in CMV antibody or no 

therapy. Treatment was administered 25, 50 and 70 days post-BMT. 

Most of the patients were CMV seronegative. Of 17 patients who 

received the hyperimmune globul in none developed any evidence of CMV 

infection whereas 6 of 18 and 10 of 20 developed infections on, 

respectively, CMV deficient globulin and no therapy (p = 0.019 and p = 
0.001). Four of 20 patients in the control arm suffered CMV 

pneumonitis whilst none of 17 receiving CMV globulin did (p = 0.15). 
In a study using LM. CMV globulin the Seattle team (37) showed no 

benefit compared with controls if CMV seropositive donors were used for 
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granulocyte support. In this study, where treatment was given 
pre-transplant and for up to 77 days post-transplant, 2 of 17 having 
globulin developed a CMV infection (not pneumonitis) against 8 of 19 in 
the control group (p= 0.05), but only one infection resulted in 
pneumonitis. 

Another study suggesting a protective effect of CMV hyperimmune 
globulin (Cytotect® [Biotest]) was from Kubanek at al (38). Compared 
with a non-specific globul in preparation (both given up to day +93) 
there was a reduction in CMV infection and pneumonitis. Some control 
patients received granulocytes in this study which entered patients 
irrespective of CMV serological status. 

On the other hand two recent studies failed to show a benefit. 
Blacklock et al (39) in a multicentre study entering only seropositive 
patients used the same preparations as Kubanek but included both a no 
treatment control arm and an arm havi ng i ntragl obi n (Bi otes t®). The 
Biotest hyperimmune globulin with an anti-CMV titre of >1:1,250,000 
(radioimmune assay) was given at 19/5kg on day -2 (or -1) and 19/10kg 
weekly for 5 weeks, then every 2 weeks for the rema i ner of a 3 month 
post-transplant period. After the entry of only 29 patients the study 
was deemed to have failed and was discontinued. There were a total of 
5 infections on Cytotect (1 asymptomatic), Intraglobin 6 (one 
asymptomatic), untreated control 7 (one asymptomatic). CMV 
pneumonitis was seen respectively in 2 (2 fatal), 3 (1 fatal) and one 
non-fatal in the no treatment control arm. 

In the study of Bowden et al (40) from the Seattle Transplant Centre 
a comparative trial with LV. immunoglobulin was reported. They were 
unable to confirm that CMV Ig prevented CMV infection or reduced the 
severity of CMV disease. CMV seronegative blood products had a 
significant protective effect (p < 0.007) in seronegative patients with 
seronegative donors, but not when the marrow donor was seropositive. 
They have followed 112 seronegative patients all with seronegative 
donors and a 11 of whom recei ved seronegat i ve blood products. On ly 2 
patients developed CMV infection and they had received seropositive 
blood products in error. Thus, this programme was highly effective but 
they pointed out the logistic problems of providing over 5,500 units of 
platelets and nearly a 1,000 pints of blood over this period. 
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Epstein-Barr Virus (EBV) 
The spectrum of infection with EBV in immunocompromised patients 

is at present not well-defined. There have, in fact, been very few 
reports of serious infection (41) and the only serious sequela has been 
the rare association with B cell lymphomas in bone marrow transplant 
recipients. It may be the case that severe infections occur 
infrequently because of the presence of activated natural killer (NK) 
cells which appear rapidly after marrow transplantation and have 
effective killing activity on EBV-infected targets (42). 

The only publ ished study on EBV infection in marrow transplant 
patients (2) receiving acyclovir prophylaxis was inconclusive. 
Clearly, more studies are needed which document the pattern of EBV 
infection in immunocompromised patients. One study has showed reduced 
EBV culture positivity following the use of interferon in renal 
transplant patients (43). This prophylactic approach may be worth 
pursuing. Unpubl ished studies performed in Baltimore show that the 
vast majority of patients who undergo marrow transplantation have 
latent EBV prior to the procedure and over 60% show reactivation of 
this virus. 

CONCLUSIONS 
At this time, prevention of CMV infection in immunocompromised 

patients is the major challenge which faces clincians. It would seem 
that oral acyclovir and CMV hyperimmune globulin are not effective but 
in seronegative patients we can usually prevent infection if 

carefully-screened CMV antibody negative blood products are used. 
Further studies are needed to determine whether intravenous acyclovir 
or BWB759U or foscarnet will be of prophylactic value. 

Epstein-Barr virus does not appear to be a major threat and, in 
any case, it seems unlikely that current or proposed prophylactic 
strategies would have any prophylactic value. Primary VZV infections 
can usually be effectively treated and short courses of oral acyclovir 
and/or ZIG following infectious contact make this a rare problem 
nowadays. Reactivation of VZV is a more difficult question. 
Prophylaxis is feasible with ACV I.V. but given the, often, very 
prolonged period of risk in the IC patient, long-term prophylaxis is 
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less easy. Oral ACV ~ be effective but the plasma levels achieved 
are often below the ID50 for this virus. Some hope can be held out 
for A515U, but we suspect that financial considerations will play an 
important role in therapeutic decisions. If vaccines prove ineffective 
then, perhaps, we will prefer to use rapid therapeutic intervention. 

HSV has become much less of a problem in this situation where the 
patients have relatively short-lived susceptibility to severe 
infection. We expect that oral acyclovir~or its prodrug A515U, will 
become standard prophylaxis for patients at high risk, especially those 
who are seropositive and receive a bone marrow transplant. 
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RESISTANCE OF HERPES VIRUSES TO ~lJCLEOSIDE ANALOGUES - HECHANISHS AND CLINICAL 
Il'..PORTANCE 

c. CRUMPACKER 

Beth Israel Hospital, Harvard Medical School, Boston, Massachusetts 02215, 
U.S.A. 

INTRODUCTION 

The study of resistance to antiviral drugs provides an important method 

to determin .. JL.echanisms of drug action. A mutation in the gel.e for a viral en

zyme which enables a virus to replicate in the presence of the active form of 

a drug provides evidence that the mechanism of action involves the viral gene 

pI'oduct. In the study of DNA replication, Kornberg observed that mutants pos

sessing temperature sensitive and drug resistant mutatious \lere the most im

portant classes of mutants for defining precise mechanisms of DNA replication 

(1). A key feature in showing that the current class of antiviral drugs are 

specific for herpes viruses has been related to the fact that they readily se

lect for resistance in herpes viruses and the resistance markers can be mapped 

to viral specific functions. Another important reason to study resistance of 

herpes viruses to antiviral drugs is that resistance can occur in the course 

of clinical treatment of herpes virus infections and development of resistance 

may account for failure of antiviral therapy. Resistant mutants of herpes vi

ruses may also possess altered pathogenetic properties and produce unusual di

sease manifestations. In this review, the mechanisms of re&istance to various 

nucleosid~ analogues will be outlined, and the cases where clinical resistance 

has been observed will be summarized. 

MECHANISliSOF ACTION OF ANTIVIRAL DRUGS FOR HERPES VIRUSES 

The deoxyguanosine analogue, acyclovir, is the prototype of a group of 

anti-herpes drugs which utilize a virus-specific enzyme to form an active in

hibitor of viral DNA replication. Acyclovir is a preferred su1strate for her

pes virus thymidine kinase (TK) which phosphorylates acyclovir to acyclovir 

monophosphate (2). Cellular enzymes, particularly guanydylate kinase, lead to 

the formation of acyclovir diphosphate which is then converted to its triphos

phate (3). Acyclovir triphosphate is a substrate for herpes DNA polyme:rase ac

tivity, and is a chain terminator for elongating herpes virus DNA (4,5). Acy

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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clovir triphosphate also appears to be a suicide inhibitor of herpes simplel' 

virus DNA polymerase, binding irreversibly to the polymerase enzyme and pre

venting the polymerase from dissociating from the template-primer to engage in 

replication of other viral DNA molecules (6). When cells are infected with 

HSV-l in the prtEence of acyclovir fOl: 20 hours and then assayed for functio

nal HSV DNA polymerase, very little enzyme can be detected, whereas infection 

with an acyclovir resistant HSV-l/HSV-2 recombinant virus for 20 hours results 

ill a large amount of HSV DNA polymerase being detected (7). This indicates 

that the recombir..ant virus possesses an altered viral DNA polymerase which may 

not be bound irreversibly by the ACV-TP-template-primer complex and is free to 

direct HSV DNA synthesis. Acyclovir triphosphate inhibits herpes virus DNA po

lymerase 30 times more preferentially than mammalian cellular polymerases. 

A close derivative of acyclovir, containing an additional CH20H group is 

9-(1,3-dihydroxy-2-propoxymethyl)guanine (known as 2'NDG, DHPG, or BW759), and 

8.lso requires a viral thymidine kinase for activation. This compound, 2'NDG, 

is a much better substrate for HSV th)~idine kinase than is acyclovir and HSV 

infected cells produce about 7 fold higher amounts of 2'NDG triphosphate than 

of ACV-triphosphate (8). The affinity of 2 'NDG-triphosphc.te for the HSV DNA 

polymerase is less than that of ACV-triphosphate and less ACV-triphosphate on 

a j.Jg/ml basis is required to inhibit the HSV-DNA polymerase. The 2'NDG tri-, 

phosphate acts as an alternative substrate tc deoxyguanosine triphosphate 

(dGTP) for the HSV DNA polymerase, and 2'NDG is incorporated into DNA and re

Ellits in a slowing down of the rate of DNA synthesis (9). Unlike ACV which 

acts as a chain terminator, DHPG gets incorporated at both internal and termi

nal linkages. 

The main importance of this close derivative of acyclovir. 9-- (1, 3-dihy

droxy-2-propoxymethyl)guanine (2'NDG, DHPG, BW759), is that it is <tIl effective 

inhibitor of eMV replication and in clinical trials has provided the first 

successful treatment of serious C~1V infections in immunocompromised patients 

(10-12). The DHPG-triphosphate linG ACV-triphosphate successfully inhibit CHV 

DNA polymerase (10) which indicates that the viral pc.lYrlerase remains sensi

tive to the active triphosphate inhibitol.' of these 2 compounds if adequate 

amounts of the triphosphate can be generated in infected cells. Since human 

cytomegalovirus does not induce a viral thymidine kines~ enzyme, CMV-infected 

cells treClted with acyclovir generate very little acyclcvir triphosphate ane 

C!-iV replication is not effectively inhibited by ACV. The use of ACV in clini

cal trials to treat serious CMV infectior, has been disappointing. With DHPG, 

however, effective inhibition of human CMV does occur and the ~echanism by 
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which DHPG is converted tc DHPG triphosphate in U'N-infected cells must be 

clearly different from the activation of ACV in these cells. An enzyme has 

been found iI, calf thymus cells. a mitochondrial deoxyguaI.osine kinase. "lhich 

has been partially purified ane' shewn to comigrate with Df;PG phosphorylating 

activity on DEAE-cellulosc chromatography. The levels of this DHPG kinase are 

markedly elevated in CMV-infected cells and it has been suggested that this 

cellular enzyme is induced by CMV intection and results in high levels of DHPG 

triphosphate (13). This evidence supports the concept that mitochondrial deo

xyguanosine kinase :Is the enzyme phosphorylating DHPC.. Alternative evidence 

derived froD passing a sensitive isolate of CMV in the presence of DHPG indi

cates that CMV car. be.come resj stunt to DHFG. The cells infected with the re-

sistar.t CMV fail to phosphorylate DHPG to form high levels of DHPG-triphos

phate. This suggests that CMV-infected cells may pOSE.ibly possess another vi

ral induced kincwe which can phosphorylate DHPG and when res:l.stance develops. 

this kinase is no longer able to phosphorylate DHPG (14). An alternative ex

planation could be that C}~r infection greatly induces the mitochondrial deoxy

guanosint: kinase activity and the 1"es:l.stant CMY fails to induce the activity 

of this enzyme. The existence of an as yet unidentified CMV kiuase needs to be 

established. Additional indirect evidence whict suggests that the steps in the 

cellular pathways for deoxyguanosine metabolism are important for the activity 

of DHPG can be obtained from experiments which examine the ability of natural 

deoxyribonucleosides to overcome the toxic effects of 2'NDG or DHPG on mouse 

cells growing in culture. Mouse LM cells or LM (TK-) cells exhibit significant 

reversal of 2 'NDG toxicity when exposed to increasing deoxygucmosine concen

trations indicating that metabolic pathways for deoxyguanosine are important 

in overcoming the toxic effects of 2 'NDG (15). A postulated mechanism to ex

plain this observation could be that increasing concentrations of deoxyguano

sine compete with DHPG for phosphorylation by de<J):yguanosine kinase resulting 

in lower levels of DHPG triphosphate formed ana improved cell survival. 

The drug (!)-5-(2-bromovinyl)-2'-deoxyuridine (BVnU) is a thymidine ana

logue which also requires HSV thymidine kinase for phosphorylation. BVDU tri

phosphate is an effective inhibitor of viral DNA polymerase and BVDU get& in

corporated into elongating DNA. BVDU is an effective inhibitor of HSV-l and 

varicella ~oster virus. but is lese efficient in inhibiting HSV-2 (16). This 

difference in sensitivity between HSV-l and HSV-2 is primarily due to the abi

lity of the herpes thymidine kinase enzyme from HSV-l to effiCiently form a 

BVDU monophosphate and diphosphate whereas the thymidine kinase of HSV-·2 effi

ciently forms the monophosphate of BVDU but this does not result in high 
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intracellular levels of the di- and triphosphate of BVDU. This is probably due 

to the inability of the thymidylate kinase activity associated with the HSV··2 

thymidine kinase enzyme to effectively phosphorylate the BVDU monophosphate 

whereas the ESV-l TK enzyme efficiently adds a second phosphate group and 

leads to formation of large amounts of BVDU triphosphate, the active il'hibitor 

of herpes DNA replication. BVDU triphosphate has been shown to be an effective 

competitive inhibitor of HSV-DNA polymerase and resistance to BVDu has been 

mapped to the HSV DNA polymerase gene (17). In addition, BVDU also inhibits 

the growth of thymid:f.l'.e kinase deficient cells and it appears to inh:f.bit gly

cosylation of cellular membranes. This may provide an additional mechanism of 

action for BVDU in inhibiting cellular function (18). 

The antiherpes drug adenine arabinoside (Ara-A) is phosphorylated direct

ly to Ara-ATP by cellular enzymes (mainly adenosine killase). Ara-ATP is a po

tent COlllpE'titive inhibitor of HSV DNA polymerase and is incorporated by inter

nucleotide linkage into DNA (19). It does not require specific activation by 

viral enzymes. Ara-A monophosphate becomes incorporated into prim!:r terminus 

and produces a significar,t decrease in the rate of primer elongation. The 3'

terminal Ara-AMP residues are removed by action of the HSV-l DNA polymerase 

associated e~onuclease activity (20). The HSV exopuclease, however, does not 

remove terminally incorporated ACV-TP, and does not appear to possess an edi

ting function for this nucleoside analogue. 

Two closely related compounds phosphonoacetic acid (PAA) and phosphono

formic acid (PFA) are inhibitors of pyrophosphate exchange and act directly as 

non-competitive inhibitors of viral DNA polymerase. These compounds are not 

incorporated into viral DNA. All of the triphosphates of the nucleoside analo

gues inhibit viral DNA synthesis directly as competitive inhibitors of viral 

DNA polymerase, chain termination of viral DNA elongation, or by incorporation 

into viral DNA. 

MECHANISNS OF RESISTANCE TO ANTIVIRAL DRUGS 

Three mechanisms have been associated with the development of resistance 

of HSV to currently active antiviral drugs (Table 1). TYl0 mechanisms involve 

the viral thymidine kinase for drugs which employ a viral thymidine kinase 

(yTK) to initially phosphorylate the nucleoside analogues (ACV, DHPG, BVDU, 

FlAC). Hhen a sensitive strain of HSV-1 is passed in tissue culture in the 

presence of ACV, for example, a mutant is selected which is defici~nt in viral 

TK activity (Fig. 1) (21). The selected HSV population :Lnduces very little TK 

activity. The emphasis is on selection because these mutants are probably pr~-
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Table 1. Mechanisms of resistance to acyclovir. 

1. Selection of thymidine kinase-deficient mutants 
2. Selection of mutants possessing a thymidine kinase enzyme pcssessillg an 

altered substrate specificity 
3. Eelection of a mutant with an altered DNA polym(!rase 
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Fig. 1. Resistance to ACV in HSV-1 by passage ill 10 J,lM ACV. Concentration of 
drug to inhibit plaque formation (IDso) increases and virus pool fails to in
duce a HSV-specific TK (reprinted witH permission from ref. 21). 

sent in the population of wild-type HSV. and ACV treatment enables this mutant 

to become the majority of a population. This mechanism is by faI the most com

mon way by which resistance to ACV develops and it is the most important me

chanism for the development of resistance following clinical treatmeIlt with 

acyclovir. Resistance to ACV following clinical treatment in well documented 

examples has always been by the mechanism of selection for TK- virus. 

Another mechanism for resistance involving the TK enzyme is the selection 

of viral mutants which possess an altered thymidine kinase which phosphoryla

tes thymidine but is no longer able to phosphorylate acyclovir (22). Mutants 
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possessing an altered TK were selected by Darby and co-workers by pe.sbing a 

wild type strain of HSV-1 in restir.g cells in the presence of ACV. The resting 

cells were pruduced by growing cells in the absence of serum. Cnder these con

ditions cells cease to divide and cellular thymidine kinase decreases lliurked

ly. In order to replicate in these cells, HSV needs to make its own thy~idine 

kinase enzyme and mutants possessing an altered enzyme are selected by ACV. A 

similar mutar.t possessing an altered TK can be selected by passing in the pre

sence of bromoviuyldeoxyuridine (BVDU) which also requires a viral thYlddine 

kinase for activation (23). 

A mutant possessing an altered TK by selection in ACV fails to efficient

ly phosphorylate ACV and BVDU. The inability to phosphorylate these nucleoside 

analogues has been shown to be associated with a sing:e amino acid change in 

the TK protein in a regioll of the protein defining a putative nucleotide bin

ding site for ATP (24). With varicella zoster virus, passage in the presence 

of ACV can also select for ACV resistant mutants which are lharJ<-.edly deficient 

in thymidine kinase activity (25). 

An altered HSV DNA polymerase activity is also associated vith resistanue 

to acyclovir and other nucleosicie analogues. The ability to map resistance of 

all of the currently effective nucleoside analogues for herpes viruses to the 

viral DNA polymerase locus establishes that inhib~tion of viral DNA polymerase 

activity is a connnon mechanism by which these drugs stop viral DNA sym:hesis. 

Alterations in viral DNA polymerase funccion were first shown LO be associated 

with resistance to acyclovir by demonstrating that mutants resistant to phcs

phonoacetic acid, PAA, a known inhibitor of viral DNA polymerase, and tempera

ture-sensitive mutants with thermolabile lesions in the polymerase gene were 

also resistant to acyclcvir (21,26). Resistance mutations of Ara-A mapped 

vithin the HSV polymerase gene and conferred resistance to Ara-A (17,27). At 

present no clear documentation of a DNA polymerase mutant being selected du

ring clinical treatment of herpes ir.fections with acyclovir or other nucleo

side analogue has occurred. 

Isolates of HSV from brain biopsy specimens of patients who were not 

treated with any antiviral drug have been reported to demonstrate resistance 

to PAA, but resistance to acyclovir was not described (28). 
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RESISTANCE TO ANTIVIRAL DRUGS AND THE STRUCT[RE OF THE HERPES SIMPLEX DNA PO

LYl:ERASE 

Since all of the clinically useful antiviral drugs for herpes viruses 

work by il.t~rfering with the herpes DNA polymerase, the interaction of the 

drugs with the polymerase enzyme can reveal a great deal concerning the struc

ture of viral DNA polyeerase. In fact, resistance to antiviral drugs is a po

~lerful marker for polymerase functior.. The technique of marker rescue of tem

perature sensitive mutations by the use of HSV-l/HSV-2 intertypic recombinant 

viruses was employerl to show that resistance of herpes DKA polymerase to PAA 

could be mapped within a 2.6 kilobase-pair (kbp) region of DNA sequences 

around map unit 0.40 in the long unique region of HSV-l (strain 17) (29). The 

recistance of HSV-2 (strain HG52) to PAA was also mapped to a 1.3 kbp region 

of sequences which overlapped with the sequences for PAA resistance in HSV-l, 

and showed that the polymerase genes of HSV-l or liSV-2 were ccl:l.near on the 

HSV genome. Physical mapping of acyclovir resistance and Ari).-A resistance by 

t:he lise of HSV-l/HSV-2 intertypic recombinantc revealed that resistar,ce to 

these two nucleoside ~n.alogues uas determined by the same region of DNA se

quences conferring resistance to PP~, establishing that these three drugs of 

dissimilar structure ~1ere able to interact with the same part of the viral DNA 

polymerase enzyme (30). The viral DNA polymerase enzyme induced by these re

combinants was purified on glycerol gradients and the resistant polymerases 

were found to have a decreasea binding affinity for PAA and all 4 of the di

deoxynucleotide triphosphates (7). On further purification through phosphocel

lulose and DNA cellulose coluDns, the purified DNA pol)~erase from a resistant 

recombinant (R6-34) exhibited higher Ki to ACV-TP, Ara-ATP and BVDU-TP indica

ting that a mutation within the DNA sequences involving the polymerase gene 

could produce a polymerase which was eble to function in the presence of high 

concentrations of the nucleoside analogue triphosphates (Allaudeen, Schnipper 

and Crumpacker, persofial communication). The DNA sequences which contained the 

mutations conferring resistance to these inhibitors were found within the li

mits of the viral DNA polymerase gene and suggested that the mutations occur

red in the region of DNA sequences encoding the carboxyl terminal one third of 

the viral polymerase enzyme (7). The mapping of independently derived muta

tions in the polymerll&e gene conferring resistance to PAA, Ara-A, ana ACV 

would also suggest that mutations within a region of DNA encoding the carboxyl 

terminal one half of the polymerase enzyme determines resistance to nucleoside 

analogues of different structures and suggests that this region of the polyme

rase enzyme determines an important catalytic domain (31). The mutants which 
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were found to be resistant to PAA and ACV were uniformly sensitive to 2'NDG 

and physical studies with the HSV-l/HSV-2 intertypic recombinalits revealed 

that the resistance to 2'NDG was closely linked to the mutation for a tempera

ture-&ensitive mutant ts6 of liSV-2 (strain HG52) within a 2.2 kilobase-pair 

region of DNA sequences which was physically separate from the region for the 

~r and acvr mutations (32). In studies on mutant polymerase enzymes the de

terminants of nucleotide binding specificity of DHPG-TP and ACV-TP were dif

ferent, suggesting that DHPG-TP and ACV-TP interacted with different regions 

of the polymerase enzyme (33). It was also noted that there WB.S no correlation 

between the interaction of virus DNA polymerase "'ith DHPG-TP and inhibition of 

virus replication by DHPG. This was very different from the observations with 

ACV-TP where a strong correlation with the antiviral activity of ACV has been 

observed (34). These physical mapping studies suggest that a region of 3.5 ki

lobase-pairs contained all of the drug renistance markers and that the entire 

polymerase polypeptide may be able to contribute to interaction with nucleoti

des of different structure by tertiary folding of the polypeptide (32). 

The complete nucleotide sequence of the DlSA polymerase gene of HSV-l 

(ntrc..in 17) (35), HSV-l (strain KOS) (31), and HSV-l (strain Angelotti) (36) 

has been determined and the gene consists of a 3705 base-pair open reading 

frame to the right of the origin of replication in the long unique region of 

DNA sequer.ces. The amino terminal End of the polymerase gene begins wi th an 

ATG located 154 base pairs to the right of the Bam HI v-r site and the carbo

xyl end of the coding region has a 63 base nor.-coding region in the messenger 

RNA. Two abundant RNA transcripts of 4.2 and 4.3 kbps encode the DNA polyme

rase and these RNAs appear to be unspliced (37). The DNA sequence of the poly

merase gene reveals 110 splice donor or acceptor sites. All of the drug resis

tant mutations and temperature sensicive mutations mapped previously by BSV

l/HSV-2 intertypic recombinants lie within the nucleotide sequences defining 

the open reading frame of the pol gene (29,30,32.38). The mutations mapped by 

marker transfer using cloned fragments of the HSV genome also map within this 

open reading frame (39). The 1235 amino acids of the HSV-1 pol enzyme contain 

a region of 16 amino acids extending from amino acid residue at 880 to 896 

which shares strong sequence homology with the tNA polymerases of EBV and Ad2 

(35). The CMV DNA polymerase gene has also been identified and sequenced and 

shown to share strong sequence homology in this region with the DNA polymera

ses of HSV-1, EBV and Ad2 (40.41). A region of 6 amino acids extending from 

Met-Gly-Asp-Thre-Asp-Ser was found to be absolutely conserved ill all 4 polyme

rases. This highly conserved region of amino acids is probably a common func-
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tional element in the DNA polymerase of these four viruses. The 16 amino acids 

of the HSV-1 D~A polymerase sharing strong homology with EBV, CHV and Ad2 po-· 

l}-mercses lie within the carboxyl terminal one third of the polymerase enzyme, 

the region previously designated from physical mapping of drug resistant muta

tions as defining an active center on the polymerase polypeptide (7) (Fig. 2). 

This region of the carboxyl terminal one third to one half of the polymerase 

enzyme appears likely to define a catalytic domain on the pol}-merase enzy&c. 

The nucleotide sequence comparison of the HSV-1 Angelotti strain and a PAA re

sistant mutant of this strain reveal!) that a single base change is able to 

confer an amino acid alteration at position 719 in the polymerase enzyme and 

results in PAA resistance of the purified polymerase (37). In another acyclo

vir-rc!)istance mutant sequenced by Larder and Darby a change of asparagine to 

serine at position 815 was found to be asso(;iated with ACV resistance (42). 

The asparagine at position 815 is highly conserved in the polymerases of HSV, 

CMV, EBV, Ad2 and phage 29 (41) ar.d this conservation suggests important func-
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Fig. 2. Diagram of the HSV pol gene showing limits of DNA sequence, kNA 
transcripts, mapping of resistance markers, and the region of DNA defining ac
tive center or catalyti.c domain of the pol enzyme on the map of the HSV genome. 
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tional sigldf:Lcance. These studies on the physical mappir'g of drug resistant 

mutations ~:ithin the polymerase gerie of HSV ind:l.cate the iffiportance of drug 

resistant miOrkers iI. defining functional allll Ltrtlctural features of the HSV 

pulymerase. They also predict that the clarificc.tion of the function of the 

highly con""rved region of HSV-l pulymerase will have impvrtant consequences 

for Ad2, CM\' 2nd EBV as we]]. The remarkable agreement of phy"ical mapping 

limits of drug resistance markers with the cpen reading frame of nucleotide 

""quences for the polymerasE- gene is gratifying. 

CLINICAL SIGNIFICANCE OF RESISTANCE TO NUCLEOSIDE ANALOGUES 

The develupment of resistance of berpes viruses to nucleoside analogues 

with cl:l.nical use is important for three priL18.ry reasons : 1) resistance may 

explain the failure of an antiviral drug to produce healing of a serious her-· 

pes infection; 2) resistant strains of herpes viruses may produce disease in 

unexpected ways; 3) resistance isolates may spread widely through a human po

pulation and make effective antiviral therapy difficult or impossible. In the 

clinical use of acyclovir, resistance has been oLserved almost exclusively in 

pat:lents with slivere immunodeficiency disorders who have beer: treated with se

veral courses of intravenous C1 oral acyclovir (43-~(); Table 2). 

In all of the clinical cases of resistance to acyclovir, the mechanism 

has been based on the select:l.on of thymidine kinase-deficient (TF.-) mutants. 

In a well documented case, resistance to acyclovir occurred in a 7 year old 

child ,dth severe combined i=unodeficiency syndrome who received three cour

ses of intravenous acyclovir (43). The initial HSV-l isolate from the child 

was sensitive to acyclovir and dramatic l,ealing occurred with the first treat

ment episode. By the third treatment course, however, healing did not occur 

and virus persisted ill the oral cavity of the child. The isolate from the 

third treatment episode was markedly d.efid.ent in thymidine kinase iOn" resis

tant to acyclovir and another drug requiring TK for activation, bromovinyldeo

xyuridille (BVDU). The resj.ster.t isolate was identical to the sensitive HSV-l 

isolate as revealed by restriction endonuclease analysis (47). The sensitive 

and resistant isolates had not undergone alterations in the DNA polymerase 

gene of the virus and the isolate remained sensitive to drugs which act di

rectly on the viral DNA polymerase, Ara-A and PAA. The clinical use of acyclo

vir selected for a mutal.t virus which was markedly deficient in TK activity 

and was unable to produce the TK protein of 43,000 daltons or the associated 

proteins of 39K and 38K (47). Other early reports of resistant isolates of HSV 

mentioned resistance occurring in a bone marrow transplant recipient (45) and 
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Table 2. Resistance to acyclovir in herpes fSimplex virus followir.g treatment. 

Study 

Crumpacker et al. 

Sibrack et a1. 

Burns et a1. 

I,ade et a1. 

Straus et al. 

Schinazi et a1. 

Svernerholm et al. 

Journal 

New Engl. J. Med., 1982 

J. Infect. Dis., 1982 

Lancet, 1982 

Ann. Intern. Med., 1982 

New Engl. J. Med., 1984 

J. Antimicrob. AgentE 
Chemother., 1986 

Scand. J. Infect. Dis., 
1985 

Comment 

Resistance in an immuno
deficient child with 3 
courses of ACV 

heGistance and pathogenesis 
of a TK-virus from a child 
treated with ACV 

Resistance in a marrow 
transplant patient following 
ACV 

Summary of the incidence of 
ACV resistance in a marro~ 
transplant unit. 

Resistance in a Lormal 
patient 

Resistance and shedding in a 
patient with severe genital 
herpes 

ResiEtance in a patient with 
Gevere genital herpes 

in another immuncdeficient child (44). These reports of resistar.ce to acyclo

vir occurred in immunodeficient patients who received multiple courses of in

travenous drug. The clinical course associated with the isolation of resistant 

virus showed slew healing but no wicieEpread dissemination. The most severe 

clinical cOlLsequences associated with resistant virus have been observed in 

two immunocompromised patients with extensive genital herpes associated with 

HSV-2 (48,49). Resistant virus developed following prolonged acyclovir therapy 

and was associated with deep extensive genital herpes lesions which tailed to 

heal. 

A careful analYGis of the pathogeniclty c.f an acyclovir resistant isolate 

of HSV from an immunodeficient child treated with acyclovir was carried out in 

mic., (44). The acyclovir resistant isolate was present in the cerebrospinal 

fluid of the patient but was as~ociated with an absence of inflammation or pe

rivascular infiltration. The virus induced a decreased amount of viral thymi

dine kinase and intracerebral ir.oculation in mice was associated with a 1000-
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fold decrease fn neurov:.rhlence and de>ath due to er.cephalHJs. Cutaneoub le

sions induced by thJs rE'sistant mutunt were SlO\1 to heal and chronic infection 

resulted. SOllle lesions eventuall), t.ealed, but others tenctd to persist for 

prolonged periods with the ultimate death of the mouse. In several reports it 

bus been well documented that thymidine kinase- <leficient mutants of herpes 

simplex are less efficient at establishing infection i11 1:he central nervous 

system (50-52). Thymidine kinase-dtficient mutants of HSV ure capable of esta

blishing latent infection but at a decre<!sed frequency. The possfbility exists 

that thymidine kinase deficj~ent mutants can revert back to a wild type pheno

type with expression of TK and an increase in neur0virulence. 

There is only one report of resistant isolateb of HSV occurring in immu

nologically normal patients treated with prolonged oral acyclovir to suppress 

recurrent genital herpes (53). These isolates were obtained during an outbreak 

of genital herpes while a p<!tient was taking oral ACV for suppression, were 

Hot associated with Stvere disease, and the recurrence following cesbation of 

ACV exhibited a return to the wild tYpt sensitivity of HSV fo~ ACV. The mecha~

nism of resistance developing in clinical situations has been by the selection 

of TK-deficient virus which is unable to phosphorylate ACV (43). One of these 

mutants selected \lith ACV treatment has been well characterized cr." reveals a 

complete cessation of the viral TK polypeptide (47). There has been a single 

report of a mutant with a thymidine kinase possessing 12n "ltered substrate 

specifi.city being isolated but this mutant has not been well characterized. A 

mutant possessing altered DNA polymerase activity has not been selected in any 

patient treated with acyclovir or other antiviral drug. It has been suggested 

that naturally occurring acyclovir-resistant mutants containing an altered DNA 

polymerase may exist (28). A mutant exl.ibiti.ng an altered viral DNA polymerase 

conferring resistance to acyclovir triphosphate may exhibit resistance to se-· 

veral drugs such as phosphonoacetic acid, adenine arabh.osi.de and bromovinyl

deoxyuridine (32,59). 

Although mutants with an altered polymerase have not been i.solated from 

patients following treatment with acyclovir, mut"r.ts prepared in vitro with an 

altere.d polymerase exhibiting resistance to antivi.ral drugs produce unusual 

disease manifestations when inoculated intracerebrally into mice (54). The 

mice were inoculated intracerebrally with PAA and Ara-A resistant mutants pos

sessing an altered polymerase and ell.hibiting mUltiple drug resistance. The 

mice did not die of encephalitis but a high proportion of the mice developed 

cutaracts and blindness. It should be stressed that intracerebral inoculation 

is a very unnatural route of infection, but this study does point out that mu-
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tants possessing an altered polymerase may produce disease ir. I:t!expected woys. 

Although the development of resistance has not been associated with se

vere pathogenicity or dissemination of virus in most cases in immunocomproci

sed patients, two recent reports of an ACV resistant strain of HSV-2 producing 

genital lesions have been associated with the continued presence of virus at!d 

severe genital ulcers which did not heal in two severely immunocompromised pa

tients (48,49). This represents an example of moderately severe disease asso

ciated with ACV-resistant virus and su&gests th~t clinicians should be alert 

to the presence of disease which fails to heal in a normal manner in p~tients 

tre~ted with acyclovir. Although resistance has been well documented following 

the clinical use of acyclovir, a case c,f well documented resistance follow:!.ng 

treatmet!t of HSV and VZV with Ara-·A or treatment of CMV with DRI'G has not been 

reported. Possible resistant viruses to these other antiviral drugs ar~ being 

actively sought for. 

PREVENTION AND ALTERNATE TREATIIENT FOR RESIS'C'hNT VIRUSES 

Since the cost common monner in which resistant HSV has developed has 

been in association with multiple courses of intravenous acyclovir can be very 

effective in immunocompromised patients. When resistance develops by selection 

of a thymidine kinase-deficient mutant, then all of the nucleosides which em

ploy viral TK for activation become ineffective (Fig. 2; 43,59). An imlJOrtant 

goal of antiviral therapy for herpes viruses will be the development of drugs 

which do not require viral TK for activation. On" such drug is the cyclic 

phosphate derivative of 2 ' NDG known as 2 ' nor cGMP (55). This compound easily 

gets across cell membranes in large amGunts, does not require viral thymidine 

kinase for activation, and is an effective inhibitor ot TK-deficient mutants 

of HSV (55,15) (Fig. 2). This drug provides an example of a compound which may 

prove useful for treating serious infections associated with resistant HSV. 

Another antiviral compound which does not require a virus-induced thymi-· 

dine kinase for activity is designc.ted (S)-9-(3-hydroxy-2-phosphonylmethoxy

propyl)adenine [(~)-HPMPAl (SC). This drug has activity against many DNA vi

ruses and is also active against TK- mutants of RSV and VZV. 

In normal patients, resistance of HSV to acyclovir has been observed in

frequently. In a study of topical 5 % and 10 % acyclovir ointment for facial 

oral herpes or oral ACV for genital herpes, no change in sensitivity of HSV 

before and after ACV treatlhtmt was observed (57). :tu this study of break

through recurrences employing a sensitiv~ plaque reduction assay, a change in 

sensitivity to ACV was not detected ill the isolate obtained from a break-
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through (57). In a largtoY study employing a less sensitive dye uptake a"sey, 

the in vitro sensitivities cf 183 virus isolates from 107 paticllts which were 

obtained before, during, and after acyclov:'r therapy showed no ctange with 

therapy. In p&rticular, si~: isolates from breakthre,ugh recurrences obteil:ed 

during acyclovir therapy showed ne, change in sensitivity. l'1:1s study concluded 

that acyclovir-resistant strair,,, 10Iere not commonly recC'vered during acyclovir 

therepy and a high frequency of resistance was not observed after If months of 

chronic suppressive therapy (58). These results suggest that development of 

resistance is not a simple explar,ation for breDkthrough recurrence.:: and res is

ta,ce is not a common prob:eru in normal patients using oral acyclovir or topi

cal &cyclovir ointment. 

Finally, it appears that in patients with r,ormal immunological defenses, 

the emergence of resistant viruses will not be a COIIunon proLleI:! \.ith the use 

of acyclovir for a short period. The full importance of resistance to nucleo

side analogues will only become clear ,,rith more widespread US" of these drugs, 

appreciation of the problems associated with their use, and more careful moni

coring for the emergence of resistance. 
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CLINICAL USE OF FOSCARNET (PHOSPHONOFORMATE) 

B. OBERGl, S. BEHRNETZ2, B. ERIKSSON2, H. JOZWIAK2, A. LARSSON2, J. O. 
LERNESTEDT 2 and V. LINDSO ABERG 2. 

IDepartrnent of Antiviral Chemotherapy and 20epartment of Clinical 
Research, ASTRA ALAB AB, S-151 85 Sodertalje, Sweden 

ABSTRACT 
Foscarnet is a selective inhibitor of several viral DNA polymerases. 

When used topically, foscarnet has a limited effect on recurrent muco
cutaneous herpes, possibly due to the rapid course of virus replication. 
In immunocompromised patients with severe CMV infections, parenteral 
foscarnet has beneficial effects especially against CMV retinitis in AIDS 
patients. Preliminary data indicate that parenteral foscarnet decreases 
HIV replication in vivo. Following iv treatment with foscarnet for two 
weeks or longer and "lith median daily doses of 6 to 10 g in different 
subgroups of patients, transient renal impairment, decreases in haemo
globin concentration and calcium have been observed. Effects on the 
central nervous system~e. g. hall uci nati ons and tremor, may be associ ated 
with high plasma foscarnet levels. 

INTRODUCTION 
Viral RNA and DNA polymerases have been major targets for antiviral 

drugs. Most of these have been substrate analogues e.g. nucleoside 
analogues competing, as triphosphates, "lith the normal substrates. One 
product analogue, trisodium phosphonoformate (INN: foscarnet sodium), has 
been found to inhibit all the human herpesvirus DNA polymerases, hepa
titis B DNA polymerase and reverse transcriptases. notably the reverse 
transcriptase of human immunodeficiency virus (HIV). The mechanism of 
inhibition is non- or un-competitive and cellular polymerases are not 
affected at concentrations inhibitory to the viral enzymes. The selective 
antiviral activities of foscarnet are outlined in Fig. 1. 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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Fig. 1. Mechanism of action of foscarnet. 

The inhibition of viral polymerases by foscarnet results in an 
inhibition of virus multiplication in cell-cultures and in animals. The 
antiviral properties of foscarnet were first described by Helgstrand et 
al. (1) and have been reviewed by Helgstrand et al. (2), Oberg (3), 
Eriksson and Oberg (4), Oberg (5, 6). 

The present review describes the clinical results of using topical 
and parenteral foscarnet against viral diseases. 

In these studies foscarnet has been used as a cream in the treatment 
of labial and genital herpes and as an iv treatment against severe virus 
infections. The iv use of foscarnet has mainly been directed against 
cytomegalovirus (CMV) infections. Recently attempts to treat HIV infec
tions in AIDS and ARC patients have started and a few patients with 
fulminant hepatitis B have also been treated with iv foscarnet. 

LABIAL HERPES 
Ten clinical studies, comprising about 1000 patients, on recurrent 

cutaneous herpes using a 3 % (w/w) foscarnet cream have been carried out. 
As presented elsewhere in this book by S. L. Spruance,a small clinical 
benefit has been observed in patients who initiated treatment very early. 



llS 
GENITAL HERPES 

The effect of topically applied foscarnet on recurrent genital 
herpes has been investigated using 0.3 % and 1 % foscarnet cream. Several 
clinical trials have been completed but the results have been con
flicting. 

In a double-blind placebo-controlled study. Wallin et al. (7) 
followed 86 patients given 0.3 % foscarnet cream or placebo cream for a 
total of 129 episodes of recurrent genital herpes. The cream was applied 
every second hour during the first day and subsequently 6 times a day for 
another 4 days. When the results were analyzed in a parallel group manner 
and all patients were considered, a significantly shorter time to healing 
(4 days) was observed in the foscarnet group as compared to the placebo 
group (5 days). 

Lassus et al. (8) evaluated 1 % foscarnet cream against genital 
herpes in a double-blind, randomized, placebo-controlled study with a 
cross-over design of two consecutive episodes. Patients were randomized 
to the treatment sequence foscarnet - placebo,or placebo - foscarnet. 
Among 118 patients valid for efficacy evaluation in the first of the two 
consecutive episodes, the median time to healing was not reduced in 
foscarnet-treated men but reduced from 5 to 4 days (p <0.001) in 
foscarnet-treated women as compared to placebo. 

Sacks et al. (9) have evaluated 0.3 % foscarnet cream in men and 1 % 

foscarnet cream in women as a treatment of recurrent genital herpes. In 
this multicenter double-blind, parallel group trial,314 patients with 
clinically active herpes, and a duration of 6 hours or less after symptom 
onset, were randomly assigned to foscarnet cream or placebo cream treat
ment which was initiated at the clinic. Medication was applied every 2 
hours during the first day and then every 4 hours for 4 more days. 

Foscarnet did not shorten the time to healing or decline of overall 
symptoms but did result in a higher proportion of symptom-free patients 
after 1 day of treatment. Foscarnet-treated patients had a reduced 
duration of virus shedding which was significant in men. The duration of 
virus excretion and lesion evolution in culture-confirmed episodes are 
shown in Table 1. The culture-positive episodes healed significantly 
slower than the culture-negative episodes. Foscarnet and placebo cream 
were well tolerated. 
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Table 1. Effect of foscarnet on duration of virus excretion and lesion 
evolution in culture-confirmed episodes of recurrent genital herpes. 

Sex, 
treatment group 

Men 
0.3 % Foscarnet 

Placebo 
P value 

Women 
1 % Foscarnet 

Placebo 
P value 

Durati on of 
vi ral 
excreti on 

2.0 

3.0 
0.014 

2.0 

3.0 

NS 

Healing time 
of lesions 

5.8 
6.0 

NS 

4.9 
4.6 
NS 

Note: Durati ons are expressed as the medi an number of days. 
Modified from Sachs et al. (9). 

Three other multicenter placebo-controlled double-blind studies on 
recurrent genital herpes were performed similar to the study by Sacks et 
al. (9) using 0.3 % foscarnet cream for men and 1 % foscarnet cream for 
women (10, 11, Astra Alab, data on file). 

In the study by Barton et al. (10) there was no difference between 
253 foscarnet or placebo-treated patients in time to healing for either 
men or women. The median time to healing was 5 days in men and 4 days for 
women in both groups. The development of new lesions was significantly 
less common in patients given foscarnet. 

Gundersen et al. (11) evaluated the effect of foscarnet cream in 119 
men and 72 women. A significant reduction in time to healing (4 versus 5 
days) was seen in men and a reduction of positive HSV cultures in women 
(17 % versus 40 % positive isolations) was observed in the foscarnet 
treatment group when compared to placebo. However, there was a tendency 
to longer time for healing in the foscarnet treatment group in women. 

In a multicenter study evaluating 0.3 % foscarnet in 128 men in 
South East Asia (Astra Alab, data on file) no difference in time to 
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hea 1 i ng (medi an 4 days) was observed bet'~een foscarnet and pl acebo
treated lesions. 

The overall impress i on of the cl i ni cal use of fosca rnet cream 
against recurrent genital herpes is that a slight reduction in time to 
healing, compared to placebo, can be achieved if treatment is initiated 
very early before vesicles appear and that time for virus shedding is 
consistently reduced. A compilation of data for all patients from the 
studies by Sachs et al. (9), Barton et al. (10), Gundersen et al. (11) 

and Astra Alab, data on file. does show a significant reduction of number 
of days with sores from 1.6 to 1.0 (p = 0.02) in 190 patients who started 
their treatment in the prevesicular stage. 

The evaluation of topical foscarnet against recurrent herpes is no 
longer being pursued at Astra. 

CYTOMEGALOVIRUS INFECTIONS 
The effect of foscarnet against CMV replication offers a possibility 

to treat patients with severe CMV infections which is a considerable 
clinical problem, especially in transplant recipients and, at a rapidly 
increasing rate, in patients with an immunodeficiency caused by HIV 
infection. To date more than 600 patients have been given foscarnet by 
the iv route on a compassionate basis for severe CMV infections. Some 
results from the compassionate use of iv foscarnet have been publ ished 
( 12-27). 

Generally, when administered by the iv route as a 2-2.4 % solution, 
foscarnet treatment has been initiated with a bolus injection of 9-20 
mg/kg followed by continuous infusion of 0.015-0.20 mg/kg/min depending 
on the renal function as assessed by the s-creatinine. Treatment duration 
has as a rule been 2 weeks but has occasionally been extended several 
weeks depending on the clinical situation. 

CMV INFECTIONS IN RENAL TRANSPLANT PATIENTS 
Ahlmen et al. (13) treated 20 renal transplant patients with iv 

foscarnet for CMV infections. All patients had continuous or spiking 
fever before treatment. Leukopenia, pathological liver tests, suspected 
pneumoniti s on pul monary x-ray i nvesti gati ons and unspecific symptoms as 
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arthralgia, muscular tenderness, and headache were also noted in this 
group of patients. The clinical effect of foscarnet was judged as good in 
12 of 14 patients with primary CMV infection and as good in 4 of 6 
patients with reactivated CMV infection. No clinical side effects were 
observed. A slight increase, within the normal limits, in s-calcium was 
noted in a few patients and a decrease in s-calcium from 2.3 to 1.9 
mmo1/l in one patient. These values returned to normal within a week 
after treatment. Four of the 20 patients died during 5 - 79 days after 
the end of foscarnet treatment. Deaths were not considered attributable 
to foscarnet treatment. 

The effect of foscarnet treatment in 12 renal patients with CMV 
infections have been reported by Ringden et al. (23). Results from two of 
these patients have been reported in detail by Klintmalm et al. (16). 
Only one of the 4 renal transplant patients with pneumonitis died. Five 
of 10 assessable patients became afebrile and laboratory abnormalities 
improved in 7. In 2 of 4 assessable patients, CMV was eradicated during 
therapy. Overall clinical improvement was seen following foscarnet 
therapy in 8 of 11 assessable patients. One patient developed adverse 
symptoms such as hallucinations and flapping tremor. This occurred at 
inadvertently high plasma levels (1490 ~) of foscarnet. The symptoms 
disappeared when foscarnet infusion was discontinued. 

A potentially lethal CMV pneumonitis after renal transplantation was 
successfully treated with a combination of i.v. foscarnet, CMV antibodies 
and transp 1 antectolllY (22). These measures rapi dly normal i zed the 
pulmonary function which had been severely impaired. 

CMV INFECTIONS IN BONE MARROW TRANSPLANT PATIENTS 
Apperl ey et al. (14) reported on foscarnet treatment of CMV 

pneumonitis in two bone marrow transplant patients. In the first patient 
bronchial lavage revealed CMV and anti-CMV hyperimmune globulin was 
given. However, this did not affect the fever, and the pulmonary function 
deteri orated. Cl i ni cal symptoms improved and the pati ent was subsequently 
discharged from hospital. One year later the chest x-ray was almost 
entirely normal. The second patient was dyspnoeic, had a cough with 
mucoid sputum and bronchoscopy showed CMV. Because of a raised serum 
creatinine he was given a reduced dosage of foscarnet. At the end of 
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treatment the patient was afebrile wit1 obvious improvements in his 
symptoms and chest signs. The clinical improvement was maintained after 
his discharge from hospital. 

~ingden et al. (23) evaluated the efficacy of foscarnet treatment in 
13 bone marrow patients with severe CMV infections. These patients have 
partly been described also in other reports (12, 16, 18-19) and Figure 2 
sho'lis the results for one of these pati ents. The treatment was the same 
as in the renal transplant patients described above but the serum levels 
of foscarnet in the bone marrow transplant patients were on the average 
75 mg/l as compared to 162 mg/l in the renal transp 1 ant pati ents (23). 
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Fig. 2. Serological findings and isolation of CMV in a bone marro\~ 
recipient during treatment with iv foscarnet. From Klintmalm et al. (16) 
with permission. 

Overall clinical improvement was seen in 9 of 13 patients. However, all 8 
patients with pneumonitis and one patient with pancytopenia died. The 
latter patient had a severe acute graft versus host disease (GVHD) and 
died of septicemia. CMV was considered the principal cause of mortality 
in 4 of the 8 patients with pneumonitis and contributed together with 
other disorders in another 3. Two patients died of other causes. Further 
evaluation by Ringden et al. (24) of the previous 13 patients and another 
7 patients demonstrated in the total material of 20 patients, clinical 
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improvement, eradication of C~V, afebrility, improvements of laboratory 
abnormalities or chest x-ray in 13 patients. Although chest x-ray 
improved in 3 patients all 14 patients with pneumonitis died. Eight of 
these had other complicating illnesses such as serious bacterial and 
fungal infections, severe GVHD or veno-occlusive liver disease. Among the 
remaining 6 of the total of 20 patients one died of graft versus host 
disease and 5 improved. 

CMV INFECTIONS IN AIDS PATIENTS 
Several AIDS patients have been treated with iv foscarnet for CMV 

infections. A few of these cases have been reported. Singer et al. (25, 
28) treated a CMV retinitis in an AIDS patient, who also had received a 
kidney transplant, with foscarnet. The patient, who was blind in the left 
eye due to a previous CMV retinitis, became affected in the right eye, 
with retinal haemorrhages and necrosis in the fundus; visual acuity was 
6/18. He was given CMV hyperimmune globulin, but the retinitis prog
ressed. After 12 days of foscarnet treatment the retinitis had decreased 
and visual acuity had improved to 6/12. CMV excretion in urine ceased at 
24 days and in saliva at 32 days after the initiation of foscarnet treat
ment. Mean foscarnet plasma level during treatment was 65.6±10.2 mg/l. 
Remission was sustained for 3 months, from the onset of improvement 
without maintenance treatment. Retinitis recurred 3 months after the 
first foscarnet treatment and further foscarnet treatment for two weeks, 
without hyperimmune globulin, resulted in remission with no relapse on 
follow up 1 month later. 

Three patients with CMV colitis and one with a CMV ulceration of the 
oesophagus were given a continuous iv infusion of 0.08 mg/kg/min for 14 
days (26). One patient showed a prompt response to therapy on two 
occasions but CMV colitis relapsed after each course. The second patient 
had a symptomatic response only, and the third colitis patient died of a 
non-CMV opportunistic infection while on treatment. The fourth patient 
was treated for 10 days but died of over-whelming pneumonitis on the 12th 
day. CMV was isolated in high titre from a post mortem lung biopsy. 

Michon et al. (21 and pers. comm.) have reported the administration 
of 21 courses of iv foscarnet to 17 AIDS patients with CMV infections. 
The clinical outcome is summarized in Table 2 and the virological results 
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in Table 3. These indicate beneficial effects of foscarnet on clinical 
outcome and viremia. Relapses occurred within two months in 8 of 9 treat
ments for retinitis. The findings suggest that foscarnet can inhibit the 
progression of CMV infections in AIDS patients but relapses are common. 

Table 2. Clinical outcome after treatment of CMV infections in AIDS 
patients. 

Not Parti al Complete 
N assessable Ineffective Improvement improvement 

Retinitis 14 1 1 11 

Colitis 3 3 

Pneumonitis 2 1 1 

Oesophagi tis 1 1 

Chol angiti s 

Total 21 2 2 6 11 

Mi chon et al., pers. comm. 

Similar results were reported by Le Huang et al. (29) and Robinet 
et al. (30) who found that 10 of 13 AIDS patients with CMV retinitis 
responded to iv foscarnet treatment. In 7 of these cases rel apses of CMV 
retinitis were observed within 4 weeks after discontinuation of therapy. 

Treatment of five AIDS patients with CMV retinitis with 14 days of 
foscarnet infusion has been reported by Walmsley et al. (31) who found 
stabilization or improvement of the disease. Urine cultures for CMV 
became negative during treatment in these patients. 

Farthing et al. (32) have studied the outcome of treating 8 AIDS 
patients with iv foscarnet for CMV pneumonitis. Foscarnet was given as a 
continuous infusion for a minimum of 8 days. As shown in Table 4 all 
patients improved, 3 showing complete resolution of symptoms. The adverse 
effects noted were reversible and changes in haemoglobin concentration 
and serum creatinine returned to habitual levels after administration of 
foscarnet was discontinued. 
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Table 3. Virological results in AIDS patients with CMV treated with 
foscarnet. 

Number of 
samples 

Viremia 

Before treatment 
Duri ng treatment 
First month after treatment 

Michon et al., pers. comm. 

21 
25 

14 

1 

24 

3 

+ 

20 

1 

11 

Table 4. Treatment of CMV pneumonitis with iv foscarnet in AIDS patients 

Patient 
No. 

1 

2 

3 

4 

5 

6 
7 

8 

Treatment outcome 
End of treatment 

Improved 

Improved 

Improved 

Improved 

Pneumoni a resolved 
Pneumoni a resolved 
Pneumoni a resol ved 
Improved 

Follow-up 

Died of untreated recur
rence of CMV symptoms 
5 months later 
Worse after 2 weeks with 
development of PCP 
Died of neurological 
disease 4 months later 

Died from i ntraabdomi na 1 
sepsis 21 days later 
Well after 166 days 
Well after 140 days 
Well after 120 days 
Died of untreated recur-
rence of CMV symptoms 21 
days later 

From Farthing et al. (32), with permission. 

Adverse events 

Hb decrease 
by 3.1 g/l 

Hb decrease 
by 1.4 g/l 
Hb decrease by 2.6 
g/l. Creatinine in
crease by 99 >Jlllol/l 
Phlebitis 

Thrombophlebitis 
Thrombophlebitis 
None 
Thrombophlebitis 
Creatinine increase 
by 53 >Jlllol/l 
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GENERAL ASPECTS ON THE TREATMENT OF CMV INFECTIONS WITH FOSCARNET 
The clinical experience available on the efficacy of iv foscarnet 

against CMV infections is so far based on compassionate use in severely 
ill patients. The first patients given iv foscarnet were critically ill 
and an earlier institution of treatment might have been roore favourable. 
However, the overall impression clearly suggests a therapeutic effect. 
The immunodepression is less severe in renal transplant patients and the 
best permanent effects seem to have been achieved among these patients. 
In roore immunosuppressed patients, and especially in AIDS patients with 
CMV retinitis, relapses seem to be frequent. In bone-marrow transplant 
recipients, who are heavily immunosuppressed, the response to foscarnet 
therapy has been varying and difficult to interpret, especially in the 
CMV pneumonitis cases. In these patients the irradiation damage to the 
lungs, and immune reactions are likely to be important for the symptoms, 
rather than a damage due to lytic replication of CMV in the lungs. In 
contrast, AIDS patients with CMV pneumonitis have responded to foscarnet 
treatment (Table 4). Prolonged treatment until the immune system has 
recovered at least partly, combination with hyper-immune globulin, and 
i ntermi ttent prophyl acti c treatment mi ght be ways to decrease the 
frequency of relapses. 

Evaluation of efficacy of foscarnet in the CMV patients has been 
complicated due to the presence of several other infectious agents con
comitantly but both clinical and virological data suggest beneficial 
effects. 

Measurement of cellular deoxythymidine kinase activity in serum has 
been used as a marker for an ongoing CMV infection (33). A rapid decrease 
in serum thymidine kinase during foscarnet treatment has been observed in 
both renal and bone-marrow transplant recipients with CMV infections (15, 
17). The decrease in TK suggests that foscarnet prevents a CMV-induced 
destruction of cells with release of cellular thymidine kinase into 
serum. It also suggests a rapid onset of the therapeutic effect. 

The renal transplant patients have, on average, had higher serum 
levels of foscarnet than other patients. The foscarnet concentration 
necessary to inhibit most CMV isolates in cell culture, when using a high 
multiplicity of infection, is 150 Ilg/ml (500 pM) (27). In recently 
treated patients this level has been aimed at and the dosing of 
foscarnet has been increased. It is unclear how endogenous interferon 
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will affect the ~yivo requirements for antiviral activity but cell 
culture data indicate a synergistic effect. Dose-response studies ~ vivo 
are required to settle this issue and animal studies using rats infected 
with rat CMV might be helpful in determining the optimal dose regimen. 
Controlled clinical trials using iv foscarnet against C~V infections in 
immunosuppressed patients have been started. 

INFECTIONS WITH HUMAN IMMUNODEFICIENCY VIRUS (HIV) 
The inhibitory effect of foscarnet on HIV in cell culture has made 

it important to evaluate its clinical effect against HIV infections. 
Results from controlled studies are not yet available but 40 patients 
have been treated in open uncontrolled studies. Farthing et al. (34, 35) 
gave iv foscarnet for 3 weeks (bolus 20 mg/kg and then continuous 
infusion 0.05-0.11 mg/kg/min adjusted according to serUln creatinine) to 
11 patients with AIDS or AIDS-related complex (ARC). Virus isolations 
were performed at regular intervals up to 3 months post infusion on 
treated patients as well as on 4 untreated control patients. Virus 
production was registered as reverse transcriptase activity and syncytial 
induction in lymphocytes. Virus was recovered post treatment in 20 % of 
attempted isolations in foscarnet-treated patients and in 79 % of 
attempted occasions in the 4 untreated patients. This indicates an 
inhibitory effect of foscarnet on the possibility to isolate HIV, which 
could represent the amount of HIV present in lymphocytes. No significant 
trend was noted in OKT4 positive lymphocyte counts. This is, however, 
not surprising when considering the relatively short duration of 
treatment. One patient developed an axillary vein trombosis within 4 days 
of treatment, which was then discontinued. A further patient had a 
reversible renal dysfunction at the end of 3 weeks treatment. 

Very similar results with respect to virus isolations have been seen 
by Bergdahl et al. (36) in 14 patients, mainly ARC, further indicating 
that foscarnet in vivo might reduce the amount of virus. These patients 
also experienced a decrease in the frequency of mucocutaneous herpes 
simplex infections, a decrease in night sweats and a decrease in the 
frequency of diarrhea for 4-16 weeks after foscarnet treatment. The 
decrease in frequency of herpes simplex symptoms is not surprising in 
view of the inhibitory effect of foscarnet against herpesviruses. 
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Gaub et al. (37) have studied the effect of iv foscarnet given for 
6-21 days to 15 AIDS patients. In contrast to the results from Farthing 
et al. (32) and Bergdahl et al. (36), Gaub et al. (37) did not observe 
any decrease in the frequency of positive HIV isolations in relation to 
foscarnet treatment. However, 8 patients had detectable free HIV antigen 
in serum before therapy, and in 5 of these HIV antigen disappeared during 
therapy, but reappeared 3-23 weeks after therapy. No patient lost HIV 
antigen except during foscarnet therapy, and no patient became HIV 
antigen positive during foscarnet therapy. Foscarnet treatment was 
accompanied by improvement in some probably CMV related symptoms and the 
occurrence of positive CMV cultures decreased during therapy. Renal 
functional impairment was seen in 12 patients, possibly due to a revers
ible tubular damage. In patients \~here follow up data were available, 
s-creatinine normalized post treatment. Severe renal function impairment 
was only seen in patients who at the start of foscarnet therapy were 
chronically affected by the disease indicating that treatment should be 
attempted in less severe manifestations of HIV infection. The mean steady 
state serum concentration of foscarnet was 260 ~ which is about twice 
the 50 % inhibitory concentration for CMV and at least 20 times the 50 % 

inhibito~ concentration for HIV in cell culture (6). 
Since the expected effect of foscarnet would be a prevention of HIV 

infecting new cells, a long-term foscarnet treatment seems necessary. 
This might be more effective if combined with interferon or other 
compounds with activity against HIV and possibly also if combined with 
immunomodul ati ng compounds. These coul d both increase the rate of lyti c 
destruction of HIV-infected cells and improve the cellular immunity. The 
effect of treatment with foscarnet could also depend on the state of HIV 
infection, whether asymptomatic, ARC or AIDS. Considering the efficacy of 
foscarnet against HIV in cell culture (38, B. Wahren, pers. comm.) the 
use of lower serum levels of foscarnet than those used above may be 
sufficiently effective and should be tried. Controlled studies on 
foscarnet against HIV infections are under way. 
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HEPATITIS B VIRUS INFECTIONS 
There is yet no effective treatment for HBV infections, whether 

acute, fulminant or chronic. Five patients with fulminant hepatitis Band 
fulminant hepatitis Band D coinfection have recently been treated with 
foscarnet as reported by Hedin et al. (39). All patients received a bolus 
dose of 20 mg/kg BW over 30 min followed by a continuous infusion of 0.16 
mg/kg/min for 2-10 days. An improvement in liver function and disappear
ance of coma was closely correlated to institution of foscarnet treat
ment. Although all patients recovered and the disease is known to have a 
grave prognosis 't/ith conventional treatment the number of patients in 
this study is still too small to make any conclusions about efficacy of 
treatment. 

A severe, but reversible, increase in s-creatinine during foscarnet 
treatment was seen in two patients. It is known that HBV can cause 
glomerulonephritis and that the few patients surviving a fulminant HBV 
disease often experience renal damage or failure (40). One patient had a 
kidney biopsy taken and this showed the presence of IgM complexes, 
possibly supporting the idea that immune complexes were involved in the 
renal damage in this patient. 

The successful treatment, with foscarnet, of a patient with 
fulminant hepatitis B has recently also been reported by Price et al. 
(41) and a fe~ additional patients with this severe condition have 
responded well to foscarnet treatment (unpublished observations). The 
positive results from treating some patients with fulminant hepatitis B 
and the severity of this disease makes further evaluation of iv foscarnet 
against fulminant hepatitis B warranted. The reduction in duck HBV during 
treatment of chronically infected ducks with foscarnet (42) and the 
results from patients with fulminant hepatitis B (39, 41 and unpublished 
data) indicate that a clinical evaluation of foscarnet against chronic 
and acute hepatitis B might be worthwhile. 

OTHER VIRAL INFECTIONS 
Herpes simplex and varicella zoster virus infections in a few renal 

transplant recipients have been treated with iv foscarnet (13, 43). The 
clinical response was judged as good but the low number of patients does 
not permit any conclusions about efficacy. 
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SAFETY ASPECTS ON PARENTERAL FOSCARNET 
As described above, the clinical experience of parenteral foscarnet 

is to the greater extent derived from the compassionate use of the drug 
in treatment of serious/l ife-threatening Cr4V infections in immuno
compromised hosts i.e. transplant recipients and AIDS patients. 

Evaluation of the safety of foscarnet per se in these patients is 
very complex due to several factors such as severe underlying diseases, 
severe viral infections, other concomitant bacterial or fungal infec
tions, concomitant treatment with other potentially toxic drugs, 
dialyses, transfusions etc. and the lack of control or reference groups. 

A summary has been published recently (23), specifically adressing 
the issue of foscarnet safety. The present summary comprises a total of 
145 pati ents, whereof 30 bone-marrow and 40 renal transplant reci pi ents, 
62 patients with AIDS or ARC and 13 patients with other underlying 
immunodeficiency. The following observations, where foscarnet might have 
been associated, were reported. With respect to clinical chemistry, renal 
function impairment, evidenced by increases in s-creatinine, and in some 
patients progressing to severe renal dysfunctions has been observed. 
Fluctuations in s-calcium have also been observed, and in many patients a 
decrease of the haemogl obi n concentrati on was recorded duri ng the peri od 
of foscarnet administration. Administration of foscarnet might also have 
been associated with effects on the central nervous system. Local 
intolerance, associated with thrombophlebitis, has been reported after 
infusion of foscarnet stock solution (2-2.4 %) into peripheral veins. 
When administered in central iv lines the stock solution has been well 
tolerated. 

Renal function impairment of varying degrees was observed in several 
patients. In toxicity studies in animals, foscarnet has induced morpho
logical changes in the kidneys, which have been to a large extent 
reversible. Available follow-up data from patients who experienced renal 
function impairment in connection with foscarnet treatment, also suggest 
the renal function impairment in man to be of a reversible nature. 

The decrease of haemoglobin concentration was often substantial but 
not of an acute nature. The interpretation of and association with 

foscarnet therapy of this observation is in many patients complicated by 
concomitant medication with myelosuppressive drugs, dialyses and trans
fusions. 
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With respect to s-calcium, increases as well as decreases have been 
reported, which in the latter case, in connection with tetany/pares
thesia, necessiated administration of calcium. 

The clinical observations, implying that foscarnet may have some 
effect on the nervous system comprise: tiredness, irritability, anxiety, 
hallucination, tremor, headache, meningism/encephalitis-like symptoms and 
status epilepticus. Some of these observations,e.g. hallucinations and 
tremor, have been closely related to inadvertent over-dosage resulting in 
extremely high plasma foscarnet levels (>400 ~/ml). Status epilepticus 
has been observed in a few patients. Although a concomitant HIV meningo/ 
encephalopathy or other cerebral infections may have contributed to the 
status epilepticus in these patients,an association with foscarnet can 
not be excl uded. 

Among these patients the average daily fosca rnet dose has ranged 
from 6-10 g, and the average treatment duration has been two weeks. 
However, in the individual patient, the variation in daily dose and 
treatment duration is considerable. 

Although some of the above-mentioned adverse effects may have been 
related to the underlying condition, the concomitant infections or other 
medication, a relationship with foscarnet therapy can not be excluded. 
However, the possible adverse effects of high doses of parenteral 
foscarnet must be wei ghed agai nst the potenti al benefits of the treatment 
in patients with severe infections due to CMV, HIV or HBV and the un
favourable prognosis of the disease expected in many of these patients. 
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PROPHYLAXIS AND TREATMENT OF RHINOVIRUS INFECTIONS 

D. A. J. TYRRELL, W. AL-NAKIB 

MRC Common Cold Unit, Harvard Hospital, Salisbury SP2 8BW UK 

ABSTRACT 

Considerable progress has been made in the development 

of some active antirhinovirus agents. Thus, various 

interferons (IFNs) including recombinant human IFN alpha 

and beta were found active and protected volunteers from 

experimental rhinovirus infections. However, clinical 

studies indicated that IFNs need to be given in large doses 

and over frequent intervals and therefore were only useful 

in short-term prophylaxis (4-7 days). Prolonged admini

stration (21-28 days) resulted in local toxicity manifested 

by nasal irritation, inflammation, ulceration and bleeding. 

Field studies clearly showed that IFN-alpha-2 can also 

be very effective in preventing naturally occurring 

rhinovirus infection (88% protective efficacy) among those 

family members who received medication as compared with 

those who received placebo. It remains to be seen whether 

the same regimen will also prove useful in protecting 

individuals who may be at particular risk e.g. with 

obstructive airways disease, from infection by rhinoviruses. 

In contrast, despite progress in developing some very 

active synthetic antirhinovirus compounds (MIC < 0.25 pg/ml) , 

none of these substances were found effective in preventing 

experimental or, in the case of the compound enviroxime, 

naturally occurring rhinovirus infection in man. 

This chapter discusses the prospect of developing more 

potent and perhaps less toxic substances and the possible 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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application of these in the prophylaxis and therapy of 

rhinovirus infections. 

INTRODUCTION 

This is not the place to give a long review of the 

course of research and development of this field but a short 

section is appropriate, if for no other reason than that it 

is well known that acute respiratory infections, mainly 

common colds, occur frequently throughout the world - the 

average individual has from 2 to 5 each year, the exact count 

depending on the method of ascertainment used and the age, 

sex and circumstance. Furthermore, our inability to prevent 

or treat these conditions is the point of many jokes and 

more serious complaints about modern medicine. The syndrome 

of the common cold is induced by infection with a range of 

viruses - including coronaviruses, parainfluenza and 

influenza viruses, respiratory syncytial virus, and others, 

but the most frequent cause is one of the 100 or more sero

types of rhinoviruses. In the most intensive stUdies 

rhinovirus infection has been detected in about half of the 

cases, so an effective drug against rhinovirus infection 

could have a significant impact on the whole clinical 

problem. 

It has to be admitted that there is still no generally 

useful specific medication for respiratory infections -

apart from amantadine for influenza A virus infections only 

treatment for symptoms or complications are on the market. 

However, in the last three decades very considerable 

progress has been made and certain doubts about whether 

drug prophylaxis or treatment of respiratory virus infection 

would ever be possible have been set at rest. 

For instance, it is now known that there are molecules 

which have a powerful inhibitory effect on virus replication 

so that it is possible to introduce effective amounts of an 

antiviral drug into the respiratory tract. Furthermore, 
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many of these molecules are remarkably non-toxic in vitro 

and in vivo. There are nevertheless serious problems in 

the delivery of these molecules. Amantadine and its 

congeners may be given by mouth and are concentrated in the 

lung and respiratory secretions but most molecules do not 

behave in this way: if oral treatment is impossible/local 

administration may get effective amounts of drug onto the 

respiratory mucosa - for example interferons were shown in 

1973 to be effective against rhinoviruses by nasal spray and 

ribavirin has recently been used against RSV and influenza A 

as an aerosol generated by a modified Collison apparatus. 

Because of the difficulties most work in the last two 

or three decades has aimed to prevent infection - it was felt 

this was the easier task and one which should be undertaken 

first before attempting to treat an infection which was 

already under way. Indeed there were those who felt that 

symptoms and signs developed so late in the course of common 

respiratory infections that even if a potent antiviral drug 

were to become available it would not be possible to derive 

any benefit from it, simply because one could never administer 

it soon enough. This view was disproved relatively early on 

when it was shown that amantadine had a measurable effect on 

the course of influenza A infections in patients given the 

drug soon after the onset of disease. Subsequently this has 

been confirmed, for instance by showing that inhaled 

ribavirin improves the course of influenza infections in 

adults and of RSV infections in children. 

We would be the first to admit that for the average 

patient with a rhinovirus cold or for his clinician there is 

still practically nothing which can be done in the way of 

specific prevention or treatment. However we believe that 

effective and safe antirhinovirus drugs are in principle 

possible and for years now we have been making steady progress 

toward certain thresholds. When we cross these it will be 

appreciated that there really is some useful chemoprophylaxis 
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and chemotherapy. Amantadine has been known to be effective 

for 20 years, but like the early antiherpes drugs it was not 

sufficiently effective or free of side effects to commend 

itself to practitioners. Now that better derivatives are 

becoming available and rapid diagnosis is easier we are 

approaching the point, already reached with antiherpes drugs, 

that their use is a self-evident part of good clinical 

practice. Something similar may well happen with rhinoviruses. 

HISTORY 

Since the early 1960s rhinoviruses have been included 

in screening programmes for antiviral activity in 

pharmaceutical research laboratories. As a result compounds 

have been identified which have antirhinovirus activity and 

are relatively harmless to cells in tissue culture. Some 

compounds were selected for clinical trial in prophylaxis 

against experimental rhinovirus infections but all the 

earlier trials gave negative results (1). In these early 

trials the in vitro activity as measured by the MIC was in 

the region of 4-10 yg/ml. (Table 1). 

Table 1. The in vitro MIC and cytotoxicity of some of the 
early antirhinovirus compounds (Modified from 
Reed et al (5)) 

Compounds MIC (yg/ml) for HRV-9 Cytotoxicity (}Ig/ml)* 

ICI 73,602 > 4 4 

SKF 40491 ') 4 10 

GL R9-338** '} 4 > 20 

RP 19826** ~ 4 > 32 

* for HeLa cells 

** in MRC-5, R9-338 was cytotoxic at 8 }Ig/ml 

while ICI 73,602 was cytotoxic at 16 }lg/ml 
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The first synthetic compound to show what appeared to be 

clinical effectiveness was enviroxime, and it has an MIC of 

<1 9g/ml, which seemed unusually low at the time it was 

first studied. Since then compounds of higher activity have 

been discovered. Indeed, as can be seen from the data 

presented in Table 2 the majority of the more recent synthetic 

compounds are active at concentrations of .( 0.25 9g/ml. 

Table 2. In vitro MIC and cytotoxicity of some of the more 
recent antirhinovirus compounds 

Compound MIC (}lg/ml) 
for HRV-9 Cytotoxicity (yg/ml) 

Dichloroflavan 0.25 ~12.5 

(Wellcome) 

Ro-09-0410 0.13 ?- 6.25 

(Roche) 

Enviroxime 0.06 ~6.25 

(Eli Lilly) 

62025 0.0078 ~25 

(Janssen) 

These were conducted in Ohio HeLa cells 

In addition, the majority of interferons tested in our 

laboratory are active at concentrations of l8 IU/ml in 

inhibiting the replication of rhinovirus infection in cell 

cultures (Table 3). Early compounds had no effect on the 

virus particle itself, and were presumed to act by 

interfering with virus replication. More recently studied 

compounds, such as dichloroflavan and the chalcones 

inactivate the virus particle directly, whether or not they 

interfere with replication in the cell (2, 3, 4). 
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Table 3. In vitro MIC of interferon for rhinoviruses 

Type of IFN MIC* 

HuIFN-o( 2 (IFN-alfa-2b) 

HuIFN- P 
HuIFN-{J x 401 

HuIFN- ~ ** 

* 
** 

IFN assay conducted in WISH and MRC-5 cells 

MRC-5 cells are resistant to HuIFN-¥ 

( IV/ml) 

2 

2 

4 

8 

The experiments that showed that intranasal sprays of 

leucocyte interferon (IFN) prevent rhinovirus colds (6) was 

an important landmark, both in indicating that local 

administration of an antiviral could be effective and also 

in suggesting that large amounts of antiviral activity (a 

total dose of 14 MU) as measured in in vitro units had to be 

introduced into the nose to produce a significant effect on 

the course of infection. Judged by this standard all previous 

and many subsequent trials had used relatively little 

antiviral activity. 

The compounds selected for clinical trials were all 

screened for toxicity in tissue cultures, by systemic 

administration to animals, and then locally. Those that 

were acceptable were tested for tolerance in man. Again 

there has been a favourable trend in that more recent 

compounds show very low toxicity in tissue cultures and 

animals (Table 2), in other words the in vitro therapeutic 

index has improved. There has however been difficulty in 

preparing suitable formulations of the active non-toxic 

compounds. Not only was it the aim to get the maximum 

amount of drug into a stable solution or suspension but also 

to find a vehicle that was well tolerated, both for the 

comfort of the volunteer and also to avoid local irritation 

and excess nasal secretions which could be confused with the 
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effect of the virus. With this went the difficulty of 

finding a way of delivering to the nose, but because of the 

success of interferon the general policy has been to produce 

a rather coarse spray which would be deposited in the nasal 

epithelium and would not enter the lower respiratory tract. 

There were quite early hints that, as in other areas of 

clinical pharmacology, the tissue distribution and 

pharmacokinetics of compounds could be of great importance. 

An experiment with fusidic acid (7) showed that after oral 

administration the plasma contained amounts of drug that were 

inhibitory for coxsackie virus A21 - an enterovirus that 

behaves much like a rhinovirus: nevertheless it was 

ineffective in preventing colds due to that virus, and it 

was found that the concentration of drug in nasal secretion 

was much lower than that in the plasma - and very similar 

results were seen after giving dichloroflavan or chalcone by 

mouth (see below). The clearance of drugs from the nasal 

mucosa may be important and in experiments with interferon, 

an antihistamine was given as well as the IFN, but the 

effect on drug clearance or prophylactic effect was not 

specifically determined (8). It was known that the normal 

respiratory tract could clear drugs and other materials 

sprayed into it but it is only recently when sensitive and 

convenient methods of assay have become available so that 

the clearance of model solution (9) or drug from the nose 

has been measured quantitatively. In spite of this many 

important parameters still cannot be measured. We do not 

know how much drug gets close to and binds to cells, how 

much of the relatively insoluble drugs are in solution, and 

if in solution are free or protein bound and how long drug 

stays cell associated before it is released or metabolised. 

Thus the initial emphasis of research on antivirals was 

on finding substances with high antiviral potency and low 

toxicity, but has later moved to finding other important 

characteristics of the molecule such as more advantageous 
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tissue distribution and long half-life in the cell. 

PRESENT METHODS OF EVALUATION 

The present methods of selecting and testing potential 

antirhinovirus drugs are based on this historical experience 

and the techniques which have been adapted for the develop

ment of therapeutic agents in general. 

Screening for activity 

In initial experiments a candidate compound is added to 

the medium of tissue cultures which are rhinovirus suscept

ible and these are then challenged by the addition of a 

laboratory strain of rhinovirus. If the compound is active 

then virus replication is prevented and this is usually 

detected by inhibition of the cytopathic effect, which can 

be detected by microscopic examination of living cultures, 

or by naked eye examination of stained cultures, for example 

for the presence of a cell sheet in the wells of a microtitre 

plate or the presence of plaques in a plate assay. 

Any inhibition needs to be supported by further 

experiments for instance using viruses of a range of sero

types, and other cell systems, in particular cells like those 

of the human host such as diploid fibroblast cell strains or 

organ cultures of human respiratory epithelium. There are 

examples of compounds with large differences in activity 

against different serotypes and others which are active in 

HeLa cells but not in fibroblasts or respiratory epithelium. 

Animal studies 

In the case of other viruses, such as influenza or 

herpes simplex/it would be normal to test candidate compounds 

in an animal model. These tests are particularly valuable as 

the results depend on important properties of the molecule 

such as how it is metabolised, what its half-life may be and 

whether it reached infected cells in adequate concentrations. 

Although experimental infections have been produced in 

primates and even in mice there is no satisfactory animal 

model of human rhinovirus infection so these experiments 

cannot be done. Thus it is important to make direct chemical 
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studies of how well it is absorbed, whether it is metabolised 

or not and if it is, whether the metabolites are active or 

inactive. We recommend in particular that the concentration 

of compound in respiratory secretions should be studied. On 

the basis of present data/if the compound does not enter the 

secretions in inhibitory concentrations,it is unlikely to be 

active in man by oral administration. 

Animal studies are also needed to assess the toxicity of 

a compound, the lethal dose, acute and chronic toxicity, 

target organs and carcinogenicity need to be determined and 

if the results are satisfactory teratology is needed if 

women are to be included in the volunteer studies. If the 

drug is to be given intranasally a preliminary test of blood 

tolerance in an animal is needed. 

Human tolerance and pharmacokinetics 

From the antiviral assays and other studies it may be 

decided to proceed to studies with man. In this case one 

needs to establish human tolerance for either intranasal or 

oral administration. It is usual to use an escalating design 

and to monitor the subjects clinically and by biochemistry, 

haematology, etc. Data on blood concentrations and 

excretion are also obtained. If the compound is to be given 

intranasally the intranasal pharmacokinetics can also be 

determined (Fig. 1) by washing out the nose at different 

intervals after a dose. There is evidence that some 

individuals may clear more rapidly than others. 

Prophylaxis in human volunteers 

In general the initial trials in this Unit are designed 

in such a way as to have the maximum chance of observing a 

protective effect. The compound is given for 1 or 2 days 

before the virus is administered. The virus is chosen to 

have the highest possible in vitro sensitivity to the 

compound and is given in a low dose. The trials are 

conducted in isolation and are placebo controlled and double 

blinded. Samples are collected daily for virus isolation 

and paired sera for antibody assay. The outcome is assessed 

not only by classifying individual subjects as having colds 
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Fig. 1. Pharmacokinetics of IFN- alpha. Mean estimated (-) 
and immunoreactive (----) HuIFN~2 recovered after single 
doses by physician- (e) and self- (0) administered sprays 
(five observations at each point). 

or being infected, but also by calculating a score including 

contributions from all the clinical signs and symptoms and 

recording the nasal secretion weight. Nevertheless power 

calculations show that to demonstrate, for example, a reduction 

of 50% in the number of colds with p <0.05 in 90% of trials 

one needs to have two groups of about 30 volunteers each. 

It is important to plan trials in such a way that a negative 

result can be regarded as conclusive, so in addition it is 

normal to use what seems to be the maximum tolerated dose 

of compound and a high frequency of administration. If the 

compound proves active, as happened for instance with IFN~, 

it is possible then to undertake further studies to find the 

minimum effective dose and the most convenient method and 
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schedule of administration. 

Therapy in human volunteers 

If a compound is effective prophylactically it can then 

be assessed for any therapeutic effect. Groups of volunteers 

are inoculated and when individuals develop symptoms of a 

cold they are allocated at random to receive drug or placebo. 

The outcome is then assessed as in the prophylactic studies, 

but the only changes that can be anticipated are reductions 

in the scores and in the amount or duration of virus shed. 

Community studies 

If the possible value of an antiviral has been assessed 

in volunteers the crucial test is to discover whether it is 

effective in subjects living in normal families in the 

community and catching colds in the natural way. Such tests 

have so far been made only with IFNs (except for a study 

with enviroxime). In the first place IFN was given regularly 

by intranasal spray and this revealed that on prolonged 

administration IFNs were more toxic than was originally 

thought and produced unacceptable nasal symptoms. Later series 

showed that daily IFN or placebo sprays could be given to 

family members to take for a week after another member of the 

family developed a cold. Analysis of daily symptom records 

showed that the number of colds was roughly halved, but these 

results were further refined by doing virologic diagnostic 

tests on all the subjects with colds. These indicated that the 

drug was reducing the frequency of rhinovirus colds, but 

not of those due to other viruses. Details of these studies 

will be reviewed below. 

RECENTLY STUDIED SUBSTANCES 

Interferons 

Studies on prophylaxis in experimental rhinovirus 

infection. It was in 1973 that Merigan et al (6) established 

that partially purified leucocyte interferon when given as 

repeated nasal sprays and at a total dose of 14 MU 

(14 x 106 IU) over four days protected some 80% of volunteers 

from illness as compared with those who received placebo 
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following intranasal challenge with human rhinovirus 4 (HRV-4). 

The result of this experiment was particularly significant 

since it demonstrated that rhinovirus colds can be prevented 

with interferon. However, relatively large doses of 

interferon had to be given and at frequent intervals. 

Unfortunately, this experiment could not be repeated since 

interferon was not available in adequate quantities. However, 

by 1980 a number of highly purified IFNs did become available 

and, with the advent of recombinant DNA technology, it was 

possible to clone and produce large quantities of highly 

purified IFNs. These were now available for further clinical 

evaluation in man as possible prophylaxis against colds caused 

by rhinoviruses. 

Table 4 shows that the majority of interferons evaluated 

were found, in fact, to be very efficacious in reducing the 

incidence of rhinovirus colds, virus shedding and even the 

number of volunteers showing serological evidence of 

infection. Thus, Scott et al (10) demonstrated that human 

leucocyte interferon (IFN-o( (Le)),purified by affinity chroma

tography using a monoclonal antibody/when given at a very high 

total dose of 90 MU over four days resulted in 100% protection 

against rhinovirus challenge in that none of the volunteers 

who received interferon developed significant colds (i.e. 

mild, moderate or severe). 

Scott et al (11) then reported the results of another 

interferon trial, this time with a high-titre interferon 

alpha-2 (rIFN-alfa-2b) prepared by recombinant DNA technology. 

They used a dose similar to that previously used for the 

purified IFN- c:J.. (Le) (90 MU) and again they were able to 

demonstrate a 100% protection against illness. 

Both these studies confirmed that the early antiviral 

effect detected with the partially purified interferon (6) 

was not due to some impurities but rather was due to the 

effect of the IFN itself since both purified IFN and that 

prepared by a totally different method, recombinant DNA 

technology, protected against challenge with a virulent 

rhinovirus strain. 
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In the studies of Scott et al, high doses of IFN were 

deliberately given since the optimal dose necessary to 

establish a protective effect was not known. Previously, 

Aoki and Crawley (9) showed that the initial half-life clear

anceof radiolabelled albumin given intranasally was in fact 

only 20 minutes. These data, therefore, suggested that 

substances applied topically in the nose may be removed 

rapidly by the mucociliary clearance mechanism of the nasal 

epithelium and hence large concentrations of interferon would 

have to be given topically and perhaps over relatively frequent 

intervals if sufficient antiviral activity were to be main

tained in the nasal mucosa. Indeed/studies by Greenberg et 

al (8) demonstrated a significant prophylactic effect against 

rhinovirus illness and infection when low doses (lor 3 MU) 

of leucocyte interferon were given as a saturated cotton 

pledget inserted in the nose for one hour to increase the 

contact time with the nasal mucosa. Volunteers in these 

studies were pretreated with a dose of an antihistamine 

(chlortrimetron, 4 mg) prior to virus challenge in order to 

reduce the nasal secretion of mucus. 

Despite the statistically significant beneficial effect, 

it was clear from these studies that the degree of effective

ness was still not optimal. In order that an effective 

dosage regimen for prophylaxis against rhinovirus infection 

by intranasal administration of IFN be established, Phillpotts 

et al (12) conducted a detailed study to establish the 

quantity and interval when interferon should be given to 

protect against virus challenge. They found that a medication 

regimen of about 2 - 4 MU of recombinant IFN-alfa-2b per day 

was effective in protecting against a rhinovirus challenge. 

However, it was clear that small dosages would have to be 

given three times daily if protection against natural virus 

infection were to be maintained since the protective effect 

seems to wear off a few hours after a dose (12). Hayden and 

Gwaltney (13) also showed that 11.4 MU of recombinant IFN

alfa-2b given four times a day for four days was more 

effective than 42 MU per day given as a single dose in 
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preventing rhinovirus infection, virus shedding and rhinovirus 

specific colds (78%, 78% and 100% vs 45%, 64% and 75% 

respectively). Sarno et al (14) demonstrated that recombinant 

IFN-alfa-2a given at a dosage of 10 MU four times a day for 

four days protected 89% of volunteers against illness when 

chal'lenged with human rhinovirus type 13 (HRV-13). Sarno et 

al (15) later showed that a dose of 2.4 MU of recombinant 

IFN-alfa-2a per day for four days resulted in about 60% 

efficacy in protecting against rhinovirus challenge whereas 

a dosage regimen of 0.7 MU per day for four days did not 

protect against virus challenge. 

All these studies have, therefore, highlighted, if any

thing, the difficulty of finding the correct dosage level 

that will offer protection against challenge with a rhino

virus infection and, at the same time, have minimal toxicity. 

Clearly thes-~ studies indicated that concentrations in the 

range of 2 - 4 MU per day are protective and that frequent 

application, e.g. 3 - 4 times daily, are advantageous to 

maintain the antiviral activity. 

Attempts to assess the antiviral activity of other 

interferons were made by Scott et al (16). In double-blind 

placebo controlled trials they assessed the prophylactic 

efficacy of an interferon prepared from human fibroblasts 

(HuIFN-P). The results of these trials were negative 

(Table 4) but it was not clear whether this lack of 

protective effect was due to lack of antiviral activity in 

vivo of the interferon or whether it was due to the 

instability of these molecules with consequent loss of 

activity during the trial. 

In 1986, we had the opportunity to evaluate a recombinant 

HuIFN-~ as prophylaxis against challenge with HRV-9 and 
ser 

14 in human volunteer studies. We gave it at a total dose of 

26 MU over four days and were able to show that HuIFN- ~ , 
like HuIFN-alpha, was also active ~n vivo against rhinoviruses 

and protected volunteers from experimental rhinovirus illness 

and infection (17) (Table 4). 

Finally, another interferon that has recently been 
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evaluated is the lymphoblastoid interferon. It was 

administered intranasally in a total dose of 35 MU over five 

days and this resulted in total protection against challenge 

with HRV-9 and 14 (18). 

Studies on prophylaxis against naturally occurring 

rhinovirus infection. Experiments on interferon as prophylaxis 

against experimental rhinovirus infection have demonstrated 

that various interferons are effective in preventing a 

rhinovirus common cold. However, they have to be given in 

relatively large doses and at frequent intervals. The 

situation with the prevention of naturally occurring rhinovirus 

colds is even more complex. For example, it is difficult to 

predict when an individual is likely to acquire a cold and 

hence interferons would have to be given for prolonged periods 

of time and probably at relatively high doses and frequent 

intervals, e.g. 3 - 4 times daily, in order to remain 

effective at preventing infection for 12 - 24 hours as 

suggested by Phillpotts et al (12). Indeed, when IFN-alfa-2b 

was administered at 5 MU once daily for 28 days (19) or 10 MU 

twice daily for 21 days (20) it did not prevent illness 

although it had a dramatic effect on preventing infection as 

compared with placebo (Table 5). The proportion of 

individuals who developed colds was in fact higher among the 

interferon than among the placebo treated group, but this was 

attributed mainly to the local toxicity, e.g. nasal irritation, 

stuffiness and bleeding. Hayden et al (21) conducted a 

tolerance study in which 52 healthy volunteers were randomly 

assigned IFN-alfa-2b (8.4 MU/day) or placebo for 28 days. 

Of those who received IFN they detected signs of mucosal 

irritation and/or symptoms in 23%, moderate or marked 

epithelial acute inflammation with ulceration in 19% and 

pronounced submucosal lymphocytic and mononuclear infiltrates 

in 58%. 

Although these histological abnormalities resolved 

within eight weeks of terminating medication, they concluded 

that intranasal administration of IFN at this dosage was not 

a feasible strategy for prophylaxis of respiratory viral 
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infections. Scott et al (22) conducted further field studies 

to assess tolerance and prophylactic effect of highly purified 

IFN-~ (Le) at dosages already established as protective 

against rhinovirus challenge (4.4 MU per day) as well as at 

lower dosage levels. Thus. they gave IFN-~(Le) at 4.4 MU. 

1.52 MU and 0.44 MU or placebo to 68 students who participated 

in a 28 day study. Interferon at the lower doses did not 

protect against virus infection and/or colds. However. at the 

higher dosage level (4.4 MU per day) although it prevented 

infection and apparently colds. significant unwanted effects. 

mainly local inflammation. were detected. Furthermore. at 

this minimal effective dose. when given for a period of more 

than a week. fewer than half the volunteers were able to 

continue taking it for a month without significant discomfort. 

Further confirmation of these findings came from further 

studies by Hayden et al (23) with IFN-alfa-2b. They found 

that this IFN. even when given at a low dose of 1.2 MU twice 

daily. resulted in considerable side effects. In this study 

medication was stopped after 12 days because of the frequent 

occurrence of nasal irritation manifested by blood tinged 

nasal mucus (44% of the IFN group versus 15% placebo.) 

Furthermore. IFN did not decrease the occurrence of illnesses 

as compared with placebo although it seems to reduce the 

incidence of laboratory documented infections. 

Douglas et al (24) in Australia conducted further 

clinical evaluation of IFN-alfa-2b. this time with a dosage 

level of 1 MU twice daily for 28 days. They found at the 

conclusion of their study that 11% of the IFN treated group 

and 2% of the placebo had experienced frequent or constant 

nasal discomfort and that 20% of IFN treated individuals 

versus 1% of placebo experienced blood tinged mucus. Although 

the IFN treated recipients were shown to have significantly 

fewer rhinovirus-associated episodes than those who received 

placebo. no clinical benefit was demonstrated. This had led 

them to conclude that IFN-alfa-2b would have to be given at 

a dosage level of not less than 2 MU but not greater than 

10 MU and preferably only for short term prophylaxis rather 
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than one month. 

Monto et al (25) conducted field trials with the same 

interferon (IFN-alfa-2b) given over a period of four weeks. 

Four hundred individuals participated in these trials and 

received either 1.5 MU of IFN or placebo twice daily. They 

found that, although this interferon prevented rhinovirus 

infection with an efficacy of 76%, the incidence of side 

effects, including blood tinged mucus, in 49% of those who 

received IFN as compared with 16% of those who received 

placebo, occurred at an unacceptable rate. They suggested, 

as others had done, that interferon should only be used for 

short term prophylaxis to protect individuals who might be 

at particular risk, e.g. those Mith, chronic bronchitis or 

asthma. Indeed, Herzog et al (26) investigated the 

prophylactic effect of a low dose (1.5 or 0.3 MU) of intra

nasal recombinant leucocyte interferon (IFN-alfa-2a) in 147 

families. Treatment was initiated within two days after the 

appearance of an index case in the family and medication was 

continued daily for five days. Although local tolerance was 

excellent, low doses were not found to have a prophylactic 

effect and both regimes had no therapeutic effect on an 

established common cold. However, prophylaxis with 1.5 MU 

did shorten the duration of the cold (median of two days vs 

four days in the placebo). Furthermore, medication with 

1.5 MU also reduced the median total clinical score when 

compared with placebo (10.5 vs 30). 

In placebo-controlled double-blind studies conducted in 

both Australia (27) and the USA (28) it has recently been 

established that IFN-alfa-2b can be used effectively in 

preventing a rhinovirus cold in the family setting. In 

these studies, once the index case was identified as having 

developed the signs and symptoms of a cold, other members of 

the family who were in contact with the index case received 

5 MU per day for seven days. Medication was initiated 

within forty-eight hours of onset of illness in a family 

member. The effect was quite dramatic in that both studies, 

although independently conducted, demonstrated about 88% 
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efficacy in preventing colds caused by rhinoviruses and 

33 - 43% fewer days with nasal symptoms relative to placebo. 

A summary of these findings is shown in Table 6. 

Table 6. Prevention of natural colds in the family setting: summary of 
data from field trials with interferon a1pha-2. 

Reference 

(27) 

(28) 

Dose 
MU 

5 per day 

for 7 days 

5 per day 

for 7 days 

% fewer* 
days with 

nasal 
symptoms 

33 

43 

*re1ative to placebo treated group 

Total 

41 

39 

% fewer episodes 
of co1ds* 

Rhinovirus 

86 

88 

Other 
respiratory 

viruses 

Nil 

Nil 

Used in this way IFN was well tolerated and only minor 

side effects were recorded. These family studies, therefore, 

have now paved the way for further evaluation of these IFNs, 

this time in the prevention of rhinovirus colds among 

individuals with chronic obstructive airways diseases, e.g. 

chronic bronchitis and asthma. Therefore, it will be of 

particular interest to see the outcome of such trials. If 

they are successful, interferons will have found a clinical 

application in the prevention of the common cold among those 

who may be at particular risk of developing lower respiratory 

tract complications. 

Synthetic antirhinovirus agents 

Over the past eight years or so a number of very potent 

antirhinovirus compounds have been synthesised. These 

compounds (Fig. 2) are active against rhinoviruses at MICs 

of <0.25 ~g/ml and some at concentrations as low as 

0.0078 pg/ml (Table 2). Furthermore, their apparent therapeutic 
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[2-amino-l-( isopropylsulphonyl)-6-benzimidazole 
phenyl ketone oxime (enviroxime) 

CI 

CI 

4',6-Dichloroflavan 

o 

4'-ethoxy-2'-hydroxy-4,6' dimethoxycha\cone 
(Ro-09-0410) 

H 

OCt:16 
N CH2COOH 

2-[( l,5,IO,IOa-tetrahydro-3!:l-thiazolo [3,4b]
isoquinolin-3-y/idene ) amino] -4-thiazole acetic 

acid (S) or 44-081 R. P. 

Fig. 2. Antirhinovirus compounds that have undergone 
clinical evaluation in volunteers. 
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index is also high (Table 2). In addition, experiments in 

animals suggested that when given orally they were non

toxic and that suitable formulation produces blood and 

tissue levels of active drugs in excess of those required 

to inhibit the replication of rhinovirus in culture. 

Therefore, clearly these antivirals were ready for 

clinical evaluation in man. Table 7 summarizes the 

outcome of the various double-blind placebo-controlled 

trials conducted in human volunteers to assess the 

prophylactic ef£icacy of these compounds in the prevention 

of experimental rhinovirus infection. As summarized 

in this Table, none of these synthetic antirhinovirus 

compounds were found to protect against experimental 

infection when given intranasally, orally or both. 

Table 7. Summary of efficacy data on synthetic antirhinovirus 
compounds in the prevention of experimental rhinovirus infections. 

% Reduction relative to placebo 
Compound 

(Ref. ) Significant Virus Seroconversion 
colds* shedding or AB rises 

1) Enviroxime 33.4 33.4 0 
(IN and oral) (29) 

2) Enviroxime (IN) (30) 0 0 0 

3) Enviroxime (IN) (3:1:) 0 17 0 

4) Dich1oroflavan 28.4 0 1.8 
(oral) (32) 

5) Ro-09-0415 17.4 16.7 0 
(oral) (33) 

6) 44-081 R.P. 0 0 0 
(IN) (35) 

7l Dichlorflavan (IN) 15 0 0 
(34) 

* Mild, moderate or severe 
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Thus, Phillpotts et al (29) at the Common Cold Unit 

were able to show some 33.4% reduction in the incidence 

of significant colds and virus shedding when enviroxime 

[2-amino-l-(isopropylsulphonyl)-6-benzimidazole phenyl 

ketone oxime] was given both orally (25 mg) and intra

nasally (284 yg/nostril by spray) four times daily starting 

one day before and continuing for five days after 

challenge with a sensitive strain of rhinovirus (HRV-9). 

Only the reduction in rhinorrhoea relative to placebo 

reached statistical significance. Furthermore, oral 

enviroxime was poorly tolerated as about two-thirds of 

volunteers complained of nausea and abdominal pain. Two 

groups in the United States, Hayden and Gwaltney (30) and 

Levandowski et al (31) evaluated enviroxime when 

administered intranasally (284 yg/nostril, four or five 

times daily). Again;they were not able to show any 

significant reduction in the incidence of colds, virus 

shedding or serological evidence of infection as compared 

with placebo. 

Phillpotts et al (32), in placebo controlled double

blind studies, evaluated 4,6-Dichloroflavan given by the 

oral route at a dosage regimen of II mg/kg three times 

daily (3 doses before and 13 doses after intranasal 

challenge with HRV-9) and failed to show any prophylactic 

effect. Similarly, another antirhinovirus drug, 

Ro-09-0415, a phosphorylated 'prodrug' of a potent anti

rhinovirus compound, 4'-ethoxy-2'-hydroxy-4,6' dimethoxy

chalcone (Ro-09-0410) has undergone clinical evaluation 

in volunteer experiments. It was administered orally at 

a dose of 1200 mg twice daily to volunteers for seven 

days, starting one day before challenge with HRV-9 (33). 

Again, no prophylactic effect was demonstrated and 

medication did not prevent virus infection. Both 

dichloroflavan and Ro-09-0415 when given orally reached 

plasma concentrations in excess of those required to 

inhibit the replication of HRV-9 in vitro. 
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It was concluded from these studies that the drugs 

may not have reached the tissues of the nasal mucosa in 

sufficient concentrations to inhibit the replication of 

rhinovirus 9 in the nasal epithelium and therefore intra

nasal administration of these two compounds was thought 

to be desirable. Unfortunately, both compounds were 

found too irritant to be administered intranasally and 

therefore further intranasal evaluation had to await the 

development of a new formulation. 

A new formulation of dichloroflavan became available 

in 1984, as a 5% w/v aqueous wet-milled suspension 

(40 mg). Initial experiments to study the tolerance and 

pharmacokinetics suggested that single and repeated 

dosages in man had shown that intranasal administration 

was well tolerated and that drug persisted in the nasal 

cavity at levels in excess of its minimal inhibitory 

concentration of a sensitive rhinovirus strain in vitro 

for 3 to 3~ hours after dosing (Gilbert and Freestone, 

personal communication). Because of this further 

clinical evaluation of this compound to assess its 

efficacy when given intranasally was clearly warranted. 

In double-blind placebo-controlled trials conducted in 

human volunteers, we gave dichloroflavan five times per 

day as a 5% w/v aqueous suspension (40 mg) intranasally 

for five doses before and 21 doses after intranasal 

challenge with rhinovirus type 9, a virus known to be 

sensitive to this compound. As shown in Table 7 

dichloroflavan did not protect volunteers from illness 

or infection (34). Indeed, there was some indication 

that drug may have increased the severity of clinical 

signs and symptoms. We concluded that the intranasal 

administration of fine particles of a hydrophobic 

compound such as dichloroflavan may not provide 

sustained delivery of adequate concentration of drug to 

the site of virus replication. the ciliated nasal 

epithelial cells (34). An intranasal preparation of the 
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chalcone Ro-09-0410 has also recently become available 

and we are now at the stage of evaluating it clinically. 

Another synthetic compound, 2-[(l,S,10,10a

tetrahydro-3~-thiazolo[3,4b] isoquinolin-3-ylidene) 

amino]-4-thiazoleacetic acid(S), 44-081 R.P., has been 

found to inhibit the replication of a sensitive rhino

virus (HRV-EL) at concentrations of 0.7 yg/ml (3S). This 

compound was thought to have two important properties 

that could have particular advantage over previously 

evaluated compounds. First,it is readily soluble in water 

at neutral pH and this allowed intranasal administration 

without the need for dissolving or suspending agents. 

Second, this compound was found to render cells pre

treated with it resistant to rhinovirus, and it was 

postulated that this might circumvent its rapid clearance 

by the mucociliary apparatus, a situation analogous to 

the antiviral state induced by IFN. Because of these 

properties a clinical trial was thought worthwhile. 

The compound or placebo was therefore given intranasally 

in a O.lS ml dosage (300 yg) with a Calmar Albert spray 

6 times daily per nostril starting the day before virus 

challenge and continuing for 6 days. Results showed 

that medication with this compound like other previously 

evaluated antirhinovirus substances did not result in 

significant beneficial effect clinically nor was there 

any significant effect on virus shedding or serological 

evidence of infection, despite the presence of 2.S-fold 

higher concentrations of the drug in nasal washings than 

the MIC of the drug against the challenge virus (HRV-EL) 

in cell cultures. It was concluded that even at these 

concentrations, there was not enough antiviral activity 

to prevent or inhibit virus replication in the nasal 

epithelium. 

Treatment of the common cold 

There have been few attempts to study whether 
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antirhinovirus agents can modify the course of illness 

following experimental and naturally occurring rhinovirus 

infection. Thus, Phillpotts et al (36) in double-blind 

placebo-controlled trials, studied the therapeutic 

efficacy of enviroxime. Volunteers were infected with 

HRV-9 and treated with enviroxime (284 yg/nostril) 44 

hours after virus challenge six times a day for 5 days. 

Although there was a statistically significant reduction 

in clinical score on the last day of medication, the 

therapeutic efficacy of enviroxime could not be 

demonstrated conclusively, since the compound had no 

effect on the reduction of nasal secretion weight or the 

quantity of virus shed. Miller et al (37) conducted a 

very large community based controlled field trial of 

enviroxime given intranasally to assess its therapeutic 

effect when tested against naturally occurring common 

colds. Generally there were no consistent statistically 

significant differences between treated and untreated 

groups and it was therefore concluded that no therapeutic 

effect could be demonstrated. 

Hayden and Gwaltney (38) assessed the therapeutic 

efficacy of recombinant interferon alpha-2 (IFN-alfa-2b) 

in experimental infections with rhinovirus type 39. Thus 

adult volunteers were given 9 MU of this IFN or placebo 

intranasally 3 times a day for 5 days beginning 28 hours 

after rhinovirus inoculation i.e. before disease was 

evident. Although they were able to show some beneficial 

effect, e.g. significant reduction in the duration and 

quantity of viral shedding and a modest effect on nasal 

symptom scores,this effect was mainly seen when IFN was 

given as nasal drops and not spray. However, it was 

generally concluded that IFN-alfa-2b was unlikely to be 

therapeutically useful in treating naturally occurring 

rhinoviral colds. 

Synergy between antirhinoviral agents 

Combination medication could have an important role 
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to play either in the prophylaxis or treatment of a 

rhinovirus infection/especially if one could demonstrate 

powerful synergistic effects between various antirhino

viral agents. Such synergistic activity may allow the 

delivery of high antirhinoviral activity to the target 

tissues and possibly with lower toxicity especially if 

the drugs in combinations need only be used at lower 

concentrations. This has led us to investigate initially 

the in vitro interaction between various antirhinoviral 

agents (39). As Table 8 shows, to our surprise, we were 

able to demonstrate significant synergistic effects 

between various interferons, interferons and synthetic 

antirhinovirus compounds, and between synthetic compounds 

themselves when in combination. The most powerful 

combination was in fact between interferons and synthetic 

compounds particularly IFN-alfa-2b or HuIFN-trwith 

enviroxime. In such combination the antirhinoviral 

activity was some lOO-fold higher than that of each of 

these agents when used alone as tested in the appropriate 

cell-culture system. These studies were later extended 

and confirmed in experiments using human embryonic 

tracheal or nasal epithelial cultures which in our view 

represented a system very close to that of the nasal 

epithelium in vivo. Thus this powerful antirhinoviral 

activity was not confined to the cell-culture system. 

These findings therefore have set the stage for 

evaluating this concept of synergy in human volunteers 

experiments. 

Prospects for rhinovirus chemoprophylaxis and therapy 

It is clear from the above review that considerable 

progress has been achieved in developing potent anti

rhinoviral agents, whether interferons or synthetic 

substances. Furthermore, studies in human volunteers 

have now established that a large number of interferons 

are effective in preventing experimental and naturally 
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occurring rhinovirus colds. Field studies in families 

suggest that IFN may be usefully applied in the prevention 

of colds within the family setting by protecting other 

members of the family who are in contact with the index 

case. This concept could prove particularly useful in 

protecting a member of the family who may be at 

particular risk of developing lower respiratory tract 

complication following a rhinovirus infection e.g. an 

individual with chronic obstructive airways disease. 

Indeed, a number of interferons are at the moment being 

evaluated as possible prophylaxis against rhinovirus 

infection in individuals with chronic obstructive airways 

disease e.g. bronchitis or asthma. However, the above 

review also highlighted the fact that for IFNs to be 

effective they need to be given at high concentrations. 

Because of this they can only be used for short-term 

prophylaxis e.g. within 7 days since prolonged use, as 

many of the above studies showed resulted in unacceptable 

effects, mainly local inflammation, nasal irritation and 

ulcerations and in a proportion of individuals nasal 

bleeding. Clearly, IFNswould have a much wider applica

tion as a long-term prophylaxis for instance to protect 

susceptible individuals for 1 - 3 months during the 

rhinovirus season had it not been for its toxicity. 

Therefore, it would clearly be desirable to search for or 

develop new less toxic interferons. A recent encouraging 

discovery was that recombinant interferon-Beta serine 

(IFN-8 ) when given at a daily dose of 12 MU or 3 MU 
J ser 

by nasal spray for 25 consecutive days was found to be 

well tolerated and no significant differences in the 

frequency of respiratory symptoms or nasal complaints 

were recorded among those who received it as compared 

with those who received placebo (40). Since HuIFN A rser 
has already been found to be effective in the prevention 

of experimental rhinovirus infection in volunteers (17) 

this IFN may well offer a clinically acceptable means for 
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seasonal prophylaxis of common colds. If the planned 

experiments on synergy (interferon-alfa and enviroxime) 

prove successful in volunteers, it may be possible to use 

interferons at a lower dosage than that required at present 

when these molecules are used alone. If this should 

prove to be the case, it would be possible perhaps to 

use interferons in combination with synthetic anti

rhinovirus drugs for seasonal prophylaxis at concentratio~s 

that are not toxic. Alternatively, molecules may be 

prepared by recombinant DNA technology, that may have 

high therapeutic ratio,e.g. would be devoid of or have 

minimal side-effects yet have potent antiviral activity. 

Such molecules might then be used either for long-term 

prophylaxis or possibly even therapeutically since the 

administration of high concentrations would be possible. 

Indeed, although the studies of Hayden and Gwaltney (38) 

did not show very significant therapeutic effect with 

IFN-alfa-2b when given at a dose of 9 MU, there was a 

general reduction in both virus shedding and clinical 

scores, and hence, it is not inconceivable that molecules 

with better therapeutic ratio may have a more dramatic 

effect on the course of the common cold illness. 

With synthetic antirhinovirus compounds, clearly, 

there is a problem of delivery since a majority of these 

compounds are extremely potent - MIC 0.0078 - 0.25 ~g/ml. 

Further, recent unpublished data suggest that even when 

a new and very potent synthetic antirhinovirus compound 

(MIC 0.002 ~g/ml) was administered to volunteers at 

concentrations in excess of that required for interferon 

to establish its prophylactic efficacy intranasally, still 

no prophylactic effect could be established (AI-Nakib and 

Tyrrell, unpublished data). One aspect of this lack of 

prophylactic efficacy is thought to be the rapid removal 

of these compounds by the mucociliary clearance mechanism 

in the nose and hence despite frequent dosing (6 times 

per day), not enough antiviral activitiy is retained in 
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the nasal epithelium to prevent or even limit rhinovirus 

replication in these tissues. With some compounds,such 

as dichloroflavan, the drug was still not protective 

despite the fact that with single and repeated dosages 

the drug persisted in the nasal cavity at levels in 

excess of the inhibitory concentration of a sensitive 

rhinovirus strain for 3 - 3~ hours after dosing (34). 

In this case, intranasal administration may not have 

provided sustained delivery of adequate concentration of 

the drug to the ciliated epithelial cells. These find

ings therefore highlight the need to design formulation 

vehicles capable of delivering high concentrations of 

drug to the nasal mucosa. Alternatively, new molecules 

may have to be synthesised that when given orally enter 

the respiratory secretions in adequate antiviral 

concentrations. Indeed, the anti-influenza compound 

leI 130,685 was found to be present at concentrations 

4 - 7 higher in secretions than in the blood after oral 

administration (41). 

The success of IFN as an antirhinoviral agent when 

given intranasally may be partly due to the fact that 

these molecules attach to receptors in the nasal mucosa. 

Thus, provided enough can be administered, sufficient 

amounts of IFN will reach these receptors and establish 

the antiviral state despite continuous attrition 

by the mucociliary clearance mechanism. By analogy 

with IFNs, targeting of molecules may therefore be 

a useful approach to deliver synthetic antirhinovirus 

agents. Indeed, recent studies by Hayden et al (42) 

showed that when monoclonal antibodies to the rhinovirus 

receptor sites were given prophylactically prior to 

challenge with HRV-39, a transient but significant 

protective effect was demonstrated among those who 

received these monoclonals as compared with those who 

received placebo. This effect was thought to be due to 

the monoclonals attaching to the rhinovirus receptor 
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sites, thus blocking the attachment of the virus to these 

receptors and consequently delayed infection. It is 

expected that experiments such as these may pave the way 

for the development of synthetic molecules which could 

block virus receptor sites and hence prevent infection. 

However, considerable work will need to be done to 

establish approximately the number of rhinovirus receptors 

in the nasal epithelium, the individual variation and 

the rate of turnover prior to and during the course of 

infection. 

The above review highlights the fact that important 

progress has been achieved particularly regarding the 

prevention of the common cold with interferons and the 

development of more potent synthetic antirhinovirus 

agents. However, there are still some important issues 

that need to be addressed, particularly the optimal mode 

of delivering these compounds to the target tissue. 

Once problems such as these are surmounted,we feel, 

perhaps, that we should expect some important progress 

towards reaching those thresholds that we have all been 

expecting now for sometime, concerning the prevention 

and treatment of the common cold. 

The possible applications of antirhinovirus drugs 

When considering the development of antivirals it is 

important to consider how they might be used. As 

indicated above an effective antirhinovirus drug can 

prevent or treat about half of all the cases of the 

common cold, but it can be asked whether this is worth 

doing or practicable and if it is possible what are the 

relative advantages and disadvantages. 

The advantages could include the patient being 

saved from losing time at work or study. Furthermore, 

recent work shows that, at least for some demanding 

tasks, human performance declines during colds (43). 

Thus in addition to those few who would not be able or 

allowed to work with a cold, e.g. opera singers, pilots, 
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there are probably many more who would work better as 

well as feel better if their colds were prevented or 

treated. 

A number of patients with chronic diseases are at 

increased risk of relapses after colds and similar mild 

infections e.g. nephritis, juvenile chronic arthritis, 

and in patients with chronic or relapsing lower respiratory 

disease, obstructive airways disease such as chronic 

bronchitis, asthma or "wheezy bronchitis". Infection 

with rhinoviruses produce exacerbations and indeed the 

virus may invade the lower respiratory tract. Any 

effective way of preventing or treating rhinovirus 

infections would be saving such patients weeks of 

disabling illness or even hospital admission. 

As colds are short lived and self-limiting it is 

likely that an effective therapy would only reduce its 

severity or duration to a limited extent. On the other 

hand this is probably true of antibiotic treatment of 

mild bacterial infections, such as streptococcal 

pharyngitis. Yet it is likely that the use of anti

biotics in a group of such cases ensures that the 

occasional patient who would otherwise have had a severe 

infection has a mild illness like the rest, and greatly 

reduces the frequency of various complications, such as 

purulent otitis media and mastoiditis. Thus it might be 

decided that therapy might still be worthwhile for normal 

subjects, to ensure that they all have mild colds. 

It is impossible to say at the moment when or 

whether antirhinovirus treatment could logically become 

a part of clinical medicine. It is our opinion that 

short-term IFN prophylaxis for individuals for whom it 

is particularly important to be free of colds on a fore

seeable future date is worthwhile, and data may soon be 

available to justify it for patients with chronic chest 

disease exposed to colds in their families. On the other 

hand continuous prophylaxis for healthy individuals who 
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get only occasional mild colds might not be practicable, 

because they would not comply with the need for regular 

medication, or else it would be reckoned to be too 

costly or, even worse, the long exposure to medication 

might increase unacceptably the frequency of adverse 

drug effects. 

As indicated above therapy might have a less marked 

effect than prophylaxis, except in preventing a cold 

going on to severe disease - on the other hand patients 

who are sick are much more compliant than those who feel 

well, and the expense and risk of toxic effects would be 

much less than those of prophylaxis. 

We therefore feel that as it seems to be theoretically 

possible and as the practical value would be significant, 

efforts should be directed towards developing an effective 

chemotherapy of rhinovirus infections. 
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RIMANT ADINE AND AMANTADINE IN THE PROPHYLAXIS AND THERAPY OF 
INFLUENZA A 

RAPHAEL DOLIN 

Infectious Disease Unit, School of Medicine, University of Rochester, 
Rochester, New York 14642, U.S.A. 

Amantadine (l-adamantanamine hydrochloride) and rimantadine (a-methyl-I

adamantanemethylamine hydrochloride) are antiviral compounds with activity pri

marily against influenza A virus. Although in vitro and in vivo antiviral activities 

of these compounds have been recognized since the early 1960's, these compounds 

have received relatively limited use in western countries for prevention and/or 

treatment of influenza A infections, although rimantadine is used extensively for 

that purpose in the Soviet Union. Both compounds have been widely studied in 

experimentally induced and natural occurring infections in humans, primarily in 

uncomplicated disease in young adults. Recently, several controlled studies of 

rimantadine in the prophylaxis and therapy of influenza A infection in children and 

in elderly subjects have also been carried out in the United States, and additional 

studies of amantadine have been conducted as well. These investigations have 

stimulated renewed interests in these compounds, as discussed below. 

STRUCTURE AND ACTIVITY 

Amantadine and rimantadine are primary symmetrical amines with unusual 

"bird cage-like" structures as noted in Figures I and 2. The in vitro activity of 

both drugs against influenza A virus is sirniliar, although rimantadine appears to be 

somewhat more active against certain influenza A viruses strains both in vitro and 

in animal studies (1). Both compounds possess some in vitro activity against 

parainfluenza and rubella viruses, but this activity requires concentrations 50-100 

times those required for inhibition of influenza A viruses, and these concentrations 

are considerably higher than those which can be achieved in humans (2). 

The precise mechanism of action of amantadine or rimantadine is not 

understood in molecular terms. These compounds do not inactivate extracellular 

virus or interfere with attachment of virus to the cell surface. It has been 

suggested that these compounds interfere with a step early in infection, such as 

penetration and/or uncoating of the virus, and perhaps with virus assembly as well. 

Early studies had indicated that resistance to these drugs segregates with the gene 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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which codes for the M-protein of influenza A virus (3). However, other studies 

have shown that other genes, including those which code for the hemagglutinin, 

may also contribute to resistance (4). Recent work has demonstated that 

resistance to amantadine and rimantadine is associated with an alteration in the 

trans-membrane portion of the M2 protein, and that single amino acid substitutions 

at a critical site can confer resistance (5,6). These data suggest that the 

mechanism of action of these compounds is mediated through interaction with the 

M2 protein, and perhaps also through interactions between the M2 protein and the 

hemagglutinin. 

NH2 · HCI 

1 

NH2 · HCI 
I 

H-C-CH3 

2 

Fig. 1. Amantadine (I-adamantanamine hydrochloride). 
Fig. 2. Rimantadine (G-methyl-l-adamantanemethylamine hydrochloride). 
From Ref. 7. 

PHARMACOKINETICS 

Despite their structural similarities, the pharmacokinetic properties of 

amantadine and rimantadine differ markedly. Because both drugs can only be 

administered orally, the pharmacokinetic properties have been determined only 

after oral administration. Amantadine is well absorbed orally and peak levels of 

approximately 0.5 ug/ml are reached 2-4 hours after a 200 mg dose. The drug is 

not metabolized and is excreted largely unchanged by the kidney, with 95% of the 

dose appearing in the urine. The serum half-life of amantadine is approximately 14 

hours, and is markedly prolonged by impaired renal function (7). Amantadine has a 

large volume of distribution and relatively little is removed by hemodialysis. The 

drug appears to penetrate pulmonary tissue, and concentrations in respiratory 

secretions are approximately two-thirds of those in the serum (8). 
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Rimantadine is also well absorbed orally, but peak levels are approximately 

half of those of amantadine. Maximum plasma concentrations of approximately 0.3 

ug/ml are achieved within 3-8 hours after a 200 mg dose. Rimantadine is 

extensively metabolized to ortho-, meta-, and para-hydroxylated metabolites, 

approximately 80% of which are excreted in the urine (9). The half-life of 

rimantadine is approximately 30 hours, and there is a suggestion that the 

metabolites may have an even longer half-life. Thus, rimantadine and its 

metabolites can accumulate in the presence of renal dysfunction. Although the 

toxic potential of high levels of rimantadine or its metabolites is uncertain, dosage 

adjustments may be necessary in that setting. Because rimantadine also has a 

large volume of distribution, little drug is removed by hemodialysis. Rimantadine 

is concentrated in respiratory secretions to a greater degree than is amantadine, 

with levels that approach or exceed those found in the serum (8). 

PROPHYLAXIS OF INFLUENZA A 

The prophylactic efficacies of amantadine and rimantadine in naturally 

occurring infection have now been established in multiple studies. The majority of 

these studies have demonstrated significant reductions of influenza-like illness 

associated with laboratory documented influenza A infection, ranging from 50 to 

Table 1 Infillenza-like illness. Laboratory-docllmented infillenza, and infection with in
fillenza A virllS among volllnteers receiving placebo, rimantadine, or amantadine 

Treatment group 
(no. of subjects) 

Placebo (132) 
Rimantadine (133) 

efficacy rate (%) + 

Amantadine (113) 
efficacy rate (%)+ 

No. with laboratory
documented influenza * 

27 (21 %) 
4(3%)*** 

85 
2(2%)**' 

91 

No. infected with 
influenza A virus* * 

32 (24%) 
II (8%)'" 
66 

7 (6%)'*' 
74 

* Defined as influenza-like illness along with virus isolation or a rise in serum antibody 
to influenza A virus. 
*' Defined as influenza A virus isolation or a rise in serum antibody to influenza A virus. 
irrespective of the presence of illness. 
* * * P < 0.001 as compared with placebo by chi-square analysis. 
+ Efficacy rate as calculated by the expression: 

rate in placebo recipients - rate in rimantadine/amantadine recipients 
x 100 

rate in placebo recipients 
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100% (10). At the doses which have been most frequently employed (200 mg/day) 

in young adults, the efficacies of the two drugs appear to be similar, although 

relatively few studies have been carried out in which the drugs have been compared 

directly in the same study. Such a study was recently conducted during an 

outbreak of influenza A/HINI and H3N2' in which the effects of both drugs were 

compared with that seen in a placebo treated group (11). As noted in Table 1, 

efficacy rates of 85-91% were observed in reduction of virus specific illness. Both 

drugs were less efficacious in reduction of infection with influenza A virus as 

opposed to reduction of illness (Table 1), which is a potentially desirable feature of 

chemoprophylaxis, since subclinical infection may result in immunity. As was the 

case in this study, most other studies of prophylaxis with these drugs have been 

carried out in young adults, and to a lesser extent in children. Recently, Clover 

and colleagues studied rimantadine administered prophylactically to children in a 

family setting (12). Children received rimantadine or placebo for 5 weeks after an 

outbreak of influenza A was recognized in the community. As noted in Table 2, all 

of the influenza A associated illness occurred in the placebo recipients (efficacy 

rate of 100%). The rate of influenza A infection and illness among untreated 

adults also appeared to be reduced (53% efficacy), although this reduction did not 

reach statistical significance. 

r---"------------------------------------------------------. 
Table 2.--Frequency of Infection and Clinical Illness Caused by 
Influenza A (HINl) Virus in Families in Which Children Received 

Rimantadine or Placebo 

Children Adults 

No. (%) No. (%) No. (%) 
Drug No. Infected* Hit No. Infected-* 

Placebo 41 13 (31.7) 7 (17.0) 36 7 (19.0) 

Rimantadine 
hydrochloride 35 I (2.9) o (0.0) 34 3 (8.8) 

*P=.OOI. 
t P=.OI. 
*P=.2. 
Reprinted with permission from ref. 12. 

No. (%) 
III 

1 (2.9) 

o (0.0) 

A placebo controlled trial of the prophylactic effect of rimantadine in the 

elderly has also recently been completed (13). In this study, 105 elderly nursing 

home residence received rimantadine 200 mg/day or placebo for six to seven 
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weeks. In this study, rimantadine reduced the rate of influenza-like illness by 63%. 

The prophylactic effect of rimantadine was observed primarily in individuals who 

had received influenza A vaccination previously, suggesting that rimantadine may 

confer additive protection to that afforded by the vaccine. Similar observations 

regarding an additive effect of chemoprophylaxis and vaccination have been made 

by investigators in the Soviet Union. 

THERAPY OF INFLUENZA A INFECTIONS 

Both amantadine and rimantadine have also been demonstrated to be 

effective in the therapy of influenza A infections (10). Again, controlled studies 

have been carried out primarily in self-limited disease in young adults and in 

normal children. These studies have shown a modest, but statistically significant 

effect of either amantadine or rimantadine when compared to a placebo treated 

group. In studies in which the therapeutic efficacies of the two drugs have been 

compared directly, amantadine and rimantadine each reduced the duration of signs 

and symptoms of illness by approximately 50%; and the efficacies of the two drugs 

were not significantly different (Fig. 3) (14). A recent study compared the effect 

of aspirin 
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From ref. 14. 
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with that of amantadine therapy on uncomplicated illness in young adults. This 

study concluded that amantadine was superior to aspirin in reduction of the 

serverity and duration of symptoms of influenza, although aspirin was more 

effective in reduction of fever (15). 

Two recent studies examined the therapeutic efficacy of rimantadine with 

that of acetaminophen in the treatment of uncomplicated influenza A infection in 

young children. In a study of an A/H3N2 outbreak by Hall and colleagues (16), 

children who received rimantadine showed significantly greater improvement in 

fever, as well as in severity of illness, compared to those who received 

acetaminophen. (Fig. 4) In a study during an A/H 1 N 1 outbreak by Wright et 

al.(17), rimantadine and acetaminophen had equivalent clinical effects on illness in 

children. In this latter study, relatively milder illness was observed, compared to 

the A/H3N2 outbreak discussed earlier, and this may have accounted for the 

difference in results according to the authors. 
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Fig. 4: The mean score for the severity of illness ~ccording to day. for 37 
children treated with rimantadine compared to 32 children treated With 
acetaminophen. 
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There have been few controlled studies to evaluate the efficacy of 

amantadine or rimantadine in the therapy of influenza in elderly or other high risk 

subjects. Walters and Paulshock reported a study in which amantadine at 200 

mg/day or placebo was administered for 10 days to residents of a horne for the 

elderly during an influenza A/H2N2 outbreak (18). Amantadine recipients 

manifested a more rapid rate of defervescence, but no other beneficial clinical 

effects were noted among the 32 patients who were studied. Betts and colleagues 

recently conducted a placebo controlled trial which examined the effect of 

rimantadine at a dose of 200 mg/day for 5 days in 81 elderly residents of two 

nursing homes during an influenza A/H3N2 outbreak (19). Rimantadine treatment 

was associated with a lower mean temperature early in illness, and also with a 

more rapid resolution of clinical illness scores. These effects were seen primarily 

in subjects who presented with moderate or severe illnesses. 

As of this writing, controlled studies of the therapy of complications of 

influenza A, e.g. pneumonia, have not been reported. An NIH-supported 

multicenter collaborative study is underway in the United States, which is 

examining the efficacy of rimantadine versus placebo in that setting. 

ADVERSE EFFECTS 

Amantadine has been generally associated with a 5-10% rate of central 

nervous system (CNS) side effects, and occasionally higher rates have been noted. 

These side effects consist primarily of jitteriness, anxiety, insomnia, difficulty in 

concentrating, and rarely hallucinations. These side-effects, although 

troublesome, have been generally mild and reversible upon cessation of 

administration of the drug. CNS side-effects have been reported more frequently 

at higher plasma levels of amantadine, although a broad overlap between the levels 

at which toxic effects were present or absent have been noted (20). On occasion, 

seizures have been reported with extremely high plasma levels of amantadine. 

Other side effects have also been reported, including worsening of congestive heart 

failure, livedo reticularis and arrhythmias, but their causal relationship to 

amantadine has not been established. 

Rimantadine appears to be exceedingly well tolerated, and several studies 

have reported side effects at no greater frequency than those seen in a 

placebo-treated group. A large scale study in which amantadine or rimantadine 

was administered at 200 mg/day for 6 weeks, found that the rates of side effects in 

the rimantadine and placebo groups were not significantly different, while an 
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excess rate of eNS side effects of 11% was seen in the amantadine treated group 

(11). (Table 3) Doses of rimantadine of 200 mg/day administered for 6 to 7 weeks 

have also been well tolerated in elderly subjects (13). Doses of 5 mg/kg/day for 

children under 10 years of age, and 200 mg/day for children for more than ten 

years of age have also been very well tolerated when administered for as long as 

five weeks (12). 

Table 3 Withdrawal rates among recipients of placebo. rimantadine and amantadine 

Treatment/group With- Reasons for withdrawal 
(No. of subjects) drawals No. of subjects (%) 

No. of 
subjects (%) eNS side- Non-eNS Unrelated Unknown 

effects' side-effects to side-
effects 

Placebo (148) 16 (II) 6 (4) 1 (0.7) 8 (5) 1 (0.7) 
Rimantadine (147) 14 (to) 9 (6) 1(0.7) 4 (3) 0(0) 
Amantadine (145) 32 (22)" 19 (13)'" 4 (3) 3 (2) 6 (4) 

• Primarily insomnia. 'jitteriness·. and difficulty in concentrating. 
*. P < 0.01 as compared with the placebo. and P < 0.005 as compared with rimantadine. 
by chi-square analysis. 
* ** P < 0.01 as compared with placebo and P < 0.05 as compared with rimantadine. 

The precise basis for the difference in the rates of side-effects observed 

between amantadine and rimantadine recipients is unclear at present. A small 

study in which attempts were made to correlate side-effects with plasma levels of 

amantadine and rimantadine, concluded that the potential for eNS toxicity was 

similar for either drug at similar blood levels, although no precise blood level of 

either drug was predicted for toxicity (20). However, other observers have noted 

that extraordinarily high blood levels of rimantadine, even in elderly subjects with 

cerebrovascular dysfunction, have not been associated with eNS toxicity (13). 

Whether the differences in side effects can be explained on the bases of 

differences in pharmacokinetics, or whether they reflect other properties of the 

two drugs remains an unresolved question at present. 

The suggestion that side effects may be dose related has stimulated 

investigators to examine the efficacy of lower doses of amantadine. Payler and 

colleagues administered amantadine at a dose of 100 mg/day to a highly vaccinated 

group of English schoolboys, and demonstrated Significant protection (21). A 
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recent study of experimentally induced influenza A virus infection in normal 

volunteers indicated that 100 mg/day was also effective in the prevention of 

illness, although a direct comparison with the 200 mg/day dose was not carried out 

(22). Investigators in the Soviet Union have reported high rates of efficacy with 

doses of rimantadine considerably less than 200 mg/day, although such regimens 

have not been studied extensively elsewhere. 

Because of the concerns for CNS toxicity, the US Public Health Service has 

recommended that the dose of amantadine be lowered to 100 mg/day in elderly 

subjects, although the efficacy of this regimen has not been rigorously established 

in that patient population. From the above discussion, it is apparent that neither 

the minimal effective dose, nor the optimal regimen of administration has been 

established for either amantadine or rimantadine. Additional studies to provide 

information regarding these questions would be important to formulate strategies 

for optimal utilization of these drugs. 

ANTIVIRAL EFFECT AND THE DEVELOPMENT OF RESISTANCE 

The majority of clinical trials in which appropriate laboratory studies were 

conducted, have demonstrated decreased shedding of influenza A virus associated 

with administration of amantadine or rimantadine. Although naturally occurring 

influenza A viruses which are resistant to amantadine and rirnantadine have on 

occasion been detected (23), relatively few studies have examined the potential for 

development of resistance associated with the use of these compounds in human 

infections. In the previously discussed study carried out by Hall and colleagues, 

resistant viruses were detected in 27% of rimantadine recipients, compared to 6% 

of acetaminophen recipients (16). After rimantadine therapy was stopped, the 

proportion of children who shed virus and the quantity of virus shed were 

significantly greater in the rimantadine treated group. Despite this, rirnantadine 

therapy was associated with overall beneficial clinical effects, and the clinical 

significance of either the development of resistance or of the somewhat prolonged 

virus shedding rernains unclear. In the similarly designed study conducted by 

Wright and colleagues, virus resistant to rirnantadine was noted in both rimantadine 

and acetaminophen treated groups (17). Recently conducted studies of the therapy 

of influenza A infections in young adults and in the elderly did not show prolonged 

virus shedding in rirnantadine recipients nor high rates of resistant virus (24). The 

reasons for the differences in these observations are uncertain, but may be related 

to the higher levels of virus replication which occur in children compared to adults. 
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Additional studies are needed to assess the potential epidemiologic and clinical 

significance of the emergence of viruses resistant to amantadine and rimantadine. 

SUMMARY 

Amantadine and rimantadine are antiviral compounds with antiviral activity 

primarily against influenza A viruses. The mechanisms of action of these two 

compounds are similar, and appear to involve interaction with the transmembrane 

portion of the M2 protein. 

Amantadine and rimantadine have been demonstrated to be effective in the 

prophylaxis and therapy of naturally occurring influenza A infections in multiple 

clinical studies. The majority of these studies have been carried out in young 

adults with uncomplicated disease. Recent studies have also indicated that 

rimantadine is effective in the prophylaxis of influenza A in young children, and is 

as effective or more effective than acetaminophen in the therapy of influenza in 

young children as well. Limited studies of rimantadine in the elderly have 

suggested that rimantadine is also effective in the prophylaxis and therapy of 

influenza A in elderly subjects. Controlled studies to examine the effect of 

rimantadine on the therapy of complicated influenza A are underway in the United 

States. 

At the doses most commonly employed, rimantadine and amantadine appear 

to be similarly efficacious, but amantadine is associated with higher rates of 

central nervous system side effects. The precise basis for the difference in 

reactogenicity is unclear at present. Lower doses of amantadine are being 

evaluated in an attempt to reduce the rates of side effects. 

REFERENCES 

1. Hayden, F.G., Cote, K.M, Douglas, Jr., R.G. Antimicrob. Agents 
Chemother., 1l:865-870, 1980. 

2. Hoffmann, C.E. In: Selective Inhibitors of Viral Function, (Ed. W.A. Carter) 
CRC Press, CleveJand, Ohio, pp. 199-211, 1973. 

3. Lubeck, M.D., Schulman, J.L, Palese, P. J. Virol., 28:710-716, 1978. 

4. Scholtissek, C., Faulkner, G.P. J. Gen. Viro1., 44:807-815,1979. 

5. Hay, A.J., Wolstenholme, A.J., Skehe1, J.J., Smith, M.H. Embo J., 
i:3021-3024, 1985. 



287 

6. Belshe, R. B., Hay, A.J., Skehe1, J.J., Hall, C.B., Betts, R. Abstract, 
Proceedings of the 7th International Congress of Virology, August, 1987. 

7. Dolin, R. In: Antimicrobial Agents Annual 1 (Eds. P.K. Peterson and J. 
Verhoef), Elsevier Science Publishers BV, 1986. 

8. Hayden, F.G., Hoffman, H.E., Antimicrob. Agents Chemother., 28:216-221, 
1987. -

9. Wills, R.J., J. Resp. Dis. (In Press) 1987. 

10. LaMontagne, J.R., Galasso, G.J., J. Infect. Dis. 138:928-931, 1978. 

11. Dolin, R., Reichman, R.C., Madore, H.P. et a1. N. Engl. J. Med., 307:580-584, 
1982. 

12. Clover, R.D., Crawford, S.A., Abell, T.D., Ramsey, Jr., C.N., Glezen, W. P., 
Couch, R.B. Am. J. Dis. Child • .!!tQ:706-709, 1986. 

13. Dolin, R., Betts, R.F., Treanor, J.J., et al. In: Program and Abstracts, 23rd 
Interscience Conference on Antimicrobial Agents and Chemotherapy, 
Abstract No. 691. American Society for Microbiology, Washington, D.C., 
1983. 

14. Van Voris, L.P., Betts, R.F., Hayden, F.G. et al. J. Am. Med. Assoc., 
245:1128-1131,1981. 

15. Younkin, S.W., Betts, R.F., Roth, F.K., Douglas, Jr., R. G. Antimicrob. 
Agents Chemother., 23:577-582, 1983. 

16. Hall, C.B., Dolin, R., Gala, C.L. et al. Pediatrics (In Press), 1987. 

17. Thompson, J., Fleet, W., Lawrence, E. et al. J. Med. Virol., £1.:249-255,1987. 

18. Walters, H.E., Paulshock, M. Med. 67:176-179,1970. 

19. Graman, P.S., Treanor, J.J., Domurat, F., Dolin, R., Betts, R.F. In: Program 
and Abstracts, 26th Interscience Conference on Antimicrobial Agents and 
Chemotherapy, Abstract No. 90. American Society of Microbiology, New 
Orleans, LA, 1986. 

20. Hayden, F.G., Hoffman, H.E., Spyker, D.A. Antimicrob. Agents Chemother., 
23:458-464, 1983. 

21. Payler, D.K., Purdham, P.A. Lancet, 1:502-504, March 3, 1984. 

22. Sears, S.D., Clements, M.L. Antimicrob. Agents Chemother. Submitted for 
Publication, 1987. 

23. Heider, H., Adamczyk, B., Presber, H.W., et a1. Acta Virol. 25:395-400, 
1980. 

24. Dolin, R., Betts, R.F. Unpublished data 1987. 



17 

RIBAVIRIN AEROSOL TREATMENT OF INFLUENZA, RESPIRATORY SYNCYTIAL AND 
PARAINFLUENZA VIRUS INFECTIONS OF MAN 

V. KNIGHT AND B. GILBERT 

Department of Microbiology and Immunology, Baylor College of Medicine, 
One Baylor Plaza, Houston, Texas 77030 

ABSTRACT 
Ribavirin aerosol treatment of respiratory syncytial virus infection 

in infants has recently been approved in the United States and Canada. 
Much of the clinical data which supported the approval is summarized in 
this chapter. We believe that compelling evidence is also presented for 
the activity of ribavirin aerosol in the treatment of influenza A and B 
infections. Limited data suggest that parainfluenza virus infections 
might also respond to the treatment. The chapter also describes the 
aerobiologic principles as well as practical information which underlie 
aerosol treatment. We shall follow with great interest the future 

experience with this new antiviral, ribavirin, and its administration in 
small particle aerosol. 

I NTRODUCT ION 
Inhalation of small particle aerosol as a means of administration of 

antiviral therapy in man was first performed by us in 1979 (1) when, 
following extensive studies in animals by U.S. Army scientists (2-6), 
normal volunteers were exposed to amantadine aerosol for several hours. 
The methodology and the equipment used was described in a separate report 

(7). Subsequent studies disclosed favorable results in the treatment of 
college students with naturally acquired influenza with a small particle 
aerosol of ribavirin (8). Since that time a number of studies have been 
made which show a beneficial effect in the treatment of influenza A and B 
and respiratory syncytial virus infections. Limited information is also 
available suggesting favorable effect of ribavirin aerosol in the 
treatment of parainfluenza virus infection. The following report will 
review those studies to define the present status of ribavirin aerosol 
treatment of these viral infections. 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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Respiratory tract deposition of aerosols of hygroscopic particles. 

The site of deposition of inhaled particles in the respiratory tract 

is a function of particle size. The problem is complicated, however, by 

the fact that most aerosols used for treatment are hygroscopic (particles 

of water or aqueous solutions of drug) and change in size due to loss or 

accretion of water when the ambient relative humidity decreases or 

increases. Table 1 shows an estimate of the fractional deposition of 

hygroscopic aerosol particles at various levels of the respiratory tract 

(9) • 

Table 1. Deposition of 1.5 micron hygroscopic particles within the 
respi ratory tract. 

Nose 

Pharynx to 
secondary bronchi 

Tertiary bronchi 
to respi ratory 
bronchi 0 1 es 

Alveolar ducts 

Total 

% Oepos it i on % Oepos it i on 
Hygroscopic Particles Nonhygroscopic Particles 

36* 

1*-

25** 

21** 

83 

25 

10 

13 

48 

*Initially upon inhalation, 24% of 1.5 ~m diameter particles, which are 
assumed to increase to 2 j.,Im in diameter due to accretion of water. are 
deposited. Upon exhalation. particles have increased to 4IJm in diameter 
due to the further addition of water, so that 12% of the total of inhaled 
particles will be deposited in the nose at exhalation, or a total deposition 
of 36%. 

**Retention as 4 pm diameter particles. 

In this table particles at ambient humidity have an approximate mean 

diameter of 1.5 microns. When inhaled, they enlarge in the nose to 2 

microns in diameter due to the increasing relative humidity at this site. 

As they pass into the highly saturated air of the trachea and below they 

increase to a diameter of about 4 microns. Table 1 shows that 24 percent 

of particles of 2 microns in diameter on inhalation will deposit in the 

nose, and that a total of 46 percent of the four micron particles will 

deposit in the lung. Upon exhalation an additional 12 percent of the 

inhaled particles will deposit in the nose for a total deposition of 83 

percent of inhaled particles. The foregoing illustration was chosen 

because the Collison aerosol generator (Figure 1) produces particles in 
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this range of size. 

SMALL PARTICLE AEROSOL GENERATOR 
FOR ANTIVIRAL TREATMENT 

Fig. I. 

COMPRESSEO 
BREATHING 
AIR SUPPLY 

Particles are generated from liquid using compressed air passing through 

an orifice of critical size (0.013 inches). The small particles making up 
the aerosol are carried upward in the stream of air to the drying chamber. 
The drying chamber receives additional dry air from the wall source in the 
hospital or from a portable compressor. The dry air (~ 10 percent 

relative humidity) reduces the relative humidity in the drying chamber to 
about 70 percent with a consequent reduction of particle size to 1.5 

microns diameter. This aerosol is inhaled by the patient. 
Characterization of the particle size of a Collison generator of the 

type used for treatment is shown in Figure 2. 
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Fig. 2. 

191 

1.0 2.0 4.0 6.0 10 
Aerodynamic Diameter (Micrometers) 

The aerodynamic mass median diameter of particles generated from distilled 

water is 1.43 microns and few particles are larger than 6.0 microns in 
diameter. 

Experiments in this laboratory showed a total deposition of aerosol 
from the Collison generator of about 63 percent with nose in, mouth out 

breathing. This is in substantial agreement with the foregoing data when 

correction is made for mouth out breathing instead of nose out breathing 
as described in Table 1. Based on the assumption that patients with 

influenza or other viral disease associated with nasal obstruction would 
breath appreciably through the mouth a respiratory tract deposition 

fraction of 70 percent was selected for estimation of retained dosage. 
Non-hygroscopic particles such as latex beads, carbon particles, mineral 

particles, etc., do not change size in different relative humidities and 
will have the deposition pattern shown in the third column of Table 1. 

Deposition of particles administered through a respirator. 
Since the nose is bypassed by treatment through a respirator, 4 

micron particles would be an efficient size to administer because of the 

greater efficiency of deposition of such particles in the lung. As 

indicated earlier. particles are 4 microns in diameter when produced by the 
Collison generator and they can be passed directly into the respiratory 
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tubing without mixing with drying air, which is the system we have adapted 
in such cases (Figure 3). 

Aerosol n::::~~'-One way 
generator valve 

Fig. 3. 

Without di rect measurement we have estimated a deposition fraction of 60 
percent for particles administered into the lung by respirator. It seems 
probable that the regular, deep respiration controlled by the respirator 

will deposit particles more efficiently than might occur with spontaneous 
respiration. 
Estimation of aerosol dosage. 

A characteristic of the Collison generator is that water vapor is 

lost in excess of particles containing drug. This will lead to a gradual 
concentration of drug in the aerosol generator flask of about 17 percent 

in 12 hours. This will lead to a proportionate increase in drug 
concentration in aerosol. The mean concentration of ribavirin in aerosol 

during a 12 hour run is about 200 pg/L. We have used this value for 
estimation of dosage. Since aerosol deposition is determined by aerosol 

concentration times minute volume (tidal volume times respirations per 
minute) times fractional deposition, each patients dose will depend on his 

values for these variables. However, since tidal volume (and minute 
volume) is related to body weight and metabolism, the dosage can be 

estimated from these values. We have estimated that the average deposited 
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dose is 0.82 mg/Kg of body weight per hour for both children and adults 

inhaling the aerosol through the nose. The dose is slightly smaller when 
aerosol is administered through a respirator. If the aerosol generator is 

continuously operated for periods longer than 12 to 15 hours,the 
concentration of drug increases rapidly and may reach 500-600 ~g/L in the 

aerosol. Such concentrations have been used repeatedly in the treatment 
of infants and adults with severe pulmonary involvement associated with 

respiratory syncytial virus or influenza virus infection without untoward 
consequences. 

Operation of aerosol generator with a respirator. 
Many patients with influenza or respiratory syncytial virus infection 

involving the lower respiratory tract who required assisted ventilation 
have received successful treatment with ribavirin aerosol (Figure 3). The 

output line of the aerosol generator is attached to the inspiratory line 
from the respirator to the patient at a distance from the patient such 

that the internal volume of the respirator tubing about equals the tidal 
volume of the patient. During the time the patient is exhaling the tubing 

fills with ribavirin aerosol; when the patient inhales, the aerosol will 
be carried into the respiratory tract of the patient. To prevent possible 

loss of pressure in the respirator, a one-way valve is inserted between 
the respirator and the aerosol generator to prevent back flow into the 

aerosol generator and loss of pressure in the respirator tubing. The 
integrity of this system needs to be checked periodically. In respirators 
in which exhaled air is recycled a filter should be inserted into the 
expiratory line from the patient to the respirator to prevent aerosol from 

entering the respirator and clogging valves. The PALL filter No. BB-50T 
has served this purpose effectively. The filter should be changed every 

two or three hours, whenever deposits of drug build up on the filter. An 
aerosol generator can function for 18-20 hours without difficulty if the 

filters are changed regularly. 
Ribavirin aerosol treatment of influenza. 

Based on the favorable results of experimental influenza virus 

infections of mice (11), ribavirin aerosol treatments were evaluated in a 
series of studies of natural influenza A and B virus infections in 

students at Texas A and M University (8,10,12,13). The essentials of the 
studies were that they were made in the same college location in the years 

1981 through 1984. The student population each year was nearly identical 
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in epidemiological characteristics. The format of the investigation 

changed only in minor details from year to year. The viral etiology of 

the natural influenza varied and included principally influenza A(H1N1) 

virus infections, a lesser number with influenza B and a small number with 

influenza A(H3N2) virus infections. 

In 1981 and 1982 patients were randomly selected for ribavirin or 

placebo treatment but the clinical observers were aware of which patients 

were treated and which were controls. In 1983 and 1984 examining 

physicians did not know which patients were treated or controlled. 
Patients were unaware of their treatment status in any year. Qualitative 

and quantitative virus cultures, antibody measurements and other 

laboratory work were performed by technicians unaware of the treatment 

status of the patients. Oral temperatures were recorded every four hours 
during the study in the student dispensary where the study was conducted. 

Patients were admitted to the study if their temperature was 101°F or 
greater and they had had systemic symptoms compatible with influenza less 

than 24 hours duration. Following admission examination and testing, 
treatment status was randomly determined. Extensive clinical laboratory 

studies including blood counts, liver function tests and electrolyte 

measurements were made at admission, at three days, at eight days after 

admission and at 30 days after admission. Quantitative cultures for 

influenza virus in nasal wash fluids were made once or twice daily during 

the stay in the hospital. 

All patients meeting the clinical criteria described above were 

entered into the study, but the analysis of results was limited to 
patients from whom an influenza virus was recovered. In some years, more 

than one kind of influenza virus was isolated from different individuals, 

but the viral etiology was not known until after completion of clinical 

studies. About 80 percent of patients admitted to the study shed 
influenza virus. The non-influenza patients were usually negative on 

culture for viral or bacterial pathogens. 

The 1981 study of influenza in college students. 

An example of one of the several studies is the treatment of students 

infected with influenza A(H1N1) virus in 1981 (8). The fourteen students 

who were treated and the 17 students in the control group shed virus. The 

mean maximum daily temperatures were elevated similarly at admission, 

39.4°C treated, and 39.2°C controls. In both groups of patients mean 
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maximum daily temperatures were the same the day of and the day after 
admission, but on the third day the mean maximum daily temperature was 

36.9°C in treated patients and 37.4°C in control patients (P = 0.003). 

The duration of fever from admission to a sustained temperature of less 
than 37.4°C was 22.8 hours in treated patients and 38.1 hours in control 
patients (P = 0.008). Symptom scores based on a detailed bedside 

examination in a standard format were 2.6 for systemic illness in both 

treated and control patients at admission but about 18 hours later treated 
patients scored 1.5 while control patients scored 2.2 (P = 0.004), and 

this trend of difference between treated control patients continued 
thereafter. Minor respiratory symptoms showed similar trends in favor of 

an effect of therapy. Virus shedding correlated with duration of fever. 
By 18 hours after start of treatment the mean titer of virus per 0.1 mL of 

nasal wash fluid in treated patients had dropped from about 300 TCID50 to 
1 TC1D50. In control patients, after 18 hours, the titer of virus in 

secretions had not reduced from the 400 TCID50 at admission. At 30 hours, 
titers in both groups of patients decreased, associated with recovery from 
illness, but the difference between treated and control remained highly 

significant through 68 hours of observation. Despite treatment, antibody 

response was excellent in both treated and control patients, and in fact, 
was slightly higher in treated patients. 

The fourteen treated patients received ribavirin aerosol for 23 hours 

during the first 36 hours in the hospital. The average total dosage was 

1.1 grams (50mg/hour retained in the respiratory tract). There was no 
local or systemic toxicity and no laboratory evidence of toxicity of 
ribavirin. In summary, the study revealed uniform and significant 

differences in height and duration of fever, systemic symptoms and virus 

shedding favoring therapeutic activity of ribavirin aerosol. 
Summary of six influenza outbreaks in college students treated with 

ribavirin aerosol. 
Using the methodology just described,ribavirin aerosol was tested at 

the same location in 1981, 1982, 1983 and 1984. As described in the 
preceding section it was found that there was a close correlation in the 
intensity of virus shedding, height of fever and symptomatology with the 
duration of fever. Table 2 shows the duration of fever in treated and 

control patients in the period 1981 to 1984 according to the strain of 
virus causing illness in a particular year. 
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Table 2. flean hou rs from start of treatment to afebrile «100°F). 

Patients 
Vi rus Year P-Value 

Control Treated 

H3N2 83 55.5(3} 25.1 (2) 0.017 

B 82 55.0(7) 36.1(9} 0.047 

HIN1 84 48.6( 20} 29.9(18 ) 0.004 

83 33.5(14} 30.3(13) 0.3 

82 42.7(1l} 31.4(8) 0.066 

81 35.5(17) 21.1(14} 0.015 

Values represent time in hours. Value in parentheses are number of 
patients studied. P-values for control and treated patients were 
obtained from analysis of data by Student's t-test, two-tailed. 
Statistical analysis of A(H1N1) data by Student's t-test, two-tailed; 
Control: 1982 v. 1981 or 1983, 1981 or 1983 v. 1984, not significant. 
Treated: 1981 v. 1982, P = 0.016; 1981 v. 1983, P = 0.032; 1981 v. 
1984 and 1982 v. 1983, not significant. 

There was a total of 64 treated and 72 control patients studied in these 

six outbreaks. Ribavirin aerosol treatment was associated with a 
significant shortening of febrile illness in four outbreaks, borderline 

significance in one and no significant difference in another. Treated 

patients had fever ranging from 21.1 to 36.1 hours in the six studies 

while fever persisted in control patients from 33.5 to 55.5 hours. Fever 

in controls in the 1983 influenza A(H1N1) outbreak lasted only 33.5 hours 

in 14 control patients, barely longer than the 30.3 hours in 13 treated 

patients. It was our opinion that the failure to demonstrate therapeutic 

activity was related to the mildness of the illness in these patients. It 
seems probable that once initiated fever and systemic illness might 

require a certain minimum time to resolve. With the numbers of patients 

in these studies it was necessary to have about 12 hours or more 

difference in the duration of fever between treated and control patients 

to establish a significant effect. 

The dosage of ribavirin could have affected the outcome in different 

years, but dosage did not correlate with the therapeutic effect. The 

total average dose given in the first 36-40 hours in the hospital 

increased from 1.15 grams in 1981, to 1.93 grams in 1982, to 3.12 grams in 

1983, but decreased to 2.4 grams in 1984. The least favorable response 
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occurred in 1983 when the total dose was highest. These dose differences 
were largely based on increasing the time of inhalation of aerosol. (In 
later years there was some increased efficiency of the aerosol equipment 
that made a minor contribution to the increased dosage.) 

More recently, the effect of dosage has been investigated by Wyde et 
al. (14). The purpose was to discover whether or not a major increase in 
the concentration of ribavirin in the aerosol would increase the 
effectiveness of treatment. Those workers found that increasing the 
concentration of ribavirin from 200 ~g/L to 600 ~g/L in the aerosol 
resulted in complete protection of mice from experimental influenza virus 
infection when treatment was given only 4 hours per day for four days. A 
dose of 200 ~g/L of aerosol required 12 hours of daily treatment for four 
days to produce a similar level of protection. The latter dose is the one 
currently in use for human patients. There would be many advantages to 
the high dose, especially a shorter treatment period in man if similar 
results can be obtained in the treatment of human illness. Since we had 
previously noted that aerosol concentrations increase greatly due to 
excess evaporation of water when the generator has been operated for more 
than 12-15 hours, the favorable response of some very ill patients, 
infants and adults may have represented an effect of this larger dose. It 
is also noted that we have not detected toxicity or intolerance to aerosol 
treatment in patients receiving prolonged treatment with ribavirin 
aerosol. 
Treatment of influenzal pneumonia. 

Experience with influenzal pneumonia is summarized in Table 3 (15). 

Tabl. 3. htfluenul PftWlllOllh t,...ted with rlb •• trt,. •• rosol. 

O'te of AdIIfsslon Age/S •• Underlytltg Seconda"y b,eterl,l Resplr.tor Hours of Cours. Reference 
VIr,I .£101091 Illness InfecttOft Aequl red Tre.tMellt· 

12·31)·80 
AlBlngkOk/79(H3N2) fill" Acute lII1oc.rdl.1 No , .. "' .. AKo'ery. knight et al. 1981 

Inf.rctlon no sequelae 

3-16--84 
lfellldsorbtng 32/F .... Ps ••• "uglnosa , .. 101.0 ltecoYery. Knight H .1. 1986. 
agent. probable no sequelH 
A/PIIITI,pt nes/2/82(H3N2) 

2-4 .. 84 
8/5Ingl,o,../82 33/M PuhllCln.", No No 51.0 itKovery. Gilbert et .1. , ... 

fibrosis f".. no sequel •• 
ch .. 'cat .. posur. 

1-1-86 
8/Stngol,o"e/82 "I" DiAbetes, St .... ptococcus 8 , .. fi3.0 .eco,er,. Present· report 

,Icoltolts. 16 days. 
no follow, 

"Estlilited douge to tlte respt,..ato,.y t,..ct. SO III/h,.. 
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Two patients with influenza A(H3N2) virus and two patients with influenza 
B virus infection as the cause of pneumonia received substantial treatment 

with ribavirin aerosol. Three patients had underlying diseases. Three of 

the patients also had adult respiratory distress syndrome at admission 

(all except the patient admitted on 2/4/84 with influenza B virus 

pneumonia). These three critically ill patients were intubated and 
required assisted ventilation. All four patients improved promptly and 

were discharged from the hospital in two to three weeks after start of 
treatment. 

Ribavirin aerosol treatment of respiratory syncytial virus infection. 

Following the demonstration of the activity of ribavirin aerosol in 

the treatment of influenza in 1981 (8),studies using this methodology were 
tested by Hall et a1. (16) against experimental respi ratory syncytial 

virus (RSV) infection of college students. They found that six subjects 
who shed RSV and were treated with ribavirin had significantly fewer 

symptoms, less fever,and a higher percentage were no longer shedding RSV 

on day 7 and 8 after inoculation than 7 control patients. The treatment 

was well tolerated and there was no significant effect of ribavirin 
treatment on pulmonary function measured by spirometry performed at the 

start of treatment, at five days and two months after treatment. 

Subsequently, Taber et al. (17) reported that ribavirin aerosol 

significantly reduced illness in patients with uncomplicated bronchiolitis 
associated with RSV infection. Virus shedding was not reduced in treated 

patients in the four day period of observation. Hall et al. (18) showed 

more substantial therapeutic effect in a study in babies with RSV 

pneumonia. These patients were treated for an average of 20 hours per day 
for 3 to 6 days, substantially longer than the regimens of 12 hours per 

day for five days followed by Taber et al. (17). In addition to more 

rapid cl inical improvement in treated patients, Hall et al. (18) found a 

significant reduction in the titer of RSV in secretions at the end of 

treatment in ribavirin treated patients compared to control patients, and 

the number of days of shedding virus was lower in treated patients. 

Another finding of importance confirmed in Halls et al. studies, was more 

rapid return toward normal of arterial oxygen values in treated patients 

compared to controls. Untreated patients typically exhibit hypoxemia for 

weeks or months after recovery from acute illness, probably indicating 

slow healing of pulmonary lesions of RSV infection. It is speculated that 
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chronic lung disease might originate from persistent pulmonary changes of 
RSV infection. Long term fo110wup will be required to evaluate this 
potential benefit of treatment. 

Hall et a1. (19) later reported on the treatment of infants with 

underlying cardiopulmonary disease (congenital heart diseases or 
bronchopulmonary dysplasia) treated with ribavirin aerosol. Among 13 such 

patients (6 treated, 7 controls) the rate and degree of improvement was 
greater in treated than in control patients. Virus shedding was reduced 

and arterial oxygen values improved more at the end of treatment in 
treated patients. Treatment was given almost continuously for a minimum 
of three days. At the end of treatment, treated patients had improved 
clinically 45 percent from their status at admission compared to only 21 

percent for control patients (P<O.OI). Improvement in treated patients 
was appreciable during the first 24 hours of treatment and continued 
thereafter; control patients actually became worse during the first day of 

treatment. 
In contrast to studies with influenza, two series of patients with 

RSV infection treated with ribavirin have shown a lesser antibody response 
than control patients. In the first study (17) antibody responses were 

lower in treated than in control patients (P =0.045) and in the second 
study Rosner et a1. (20) measured antibody in nasopharyngeal secretions 
and found that only 43.8% of treated patients developed RSV-IgE response 
in contrast to 75% in controls (P = 0.037). IgA-RSV responses were also 

less in nasopharyngeal specimens from treated patients, but the 
differences were less marked than the difference in IgE-RSV responses. 
Rosner et a1. (20) suggested that the reduced IgE-RSV response at the time 
of the primary infection due to treatment might result in less wheezing at 

the time of subsequent infections. 
Recently, Barry et a1. (21) have shown a beneficial effect of 

ribavirin aerosol in the treatment of bronchiolitis due to RSV infection 
with results similar to those reported by Taber et a1. (17). 

Conrad et a1. (22) studied ribavirin aerosol treatment of RSV disease 
proved by virus isolation in infants. They compared the response to 
treatment of 33 high risk, seriously ill infants infected with RSV to the 
course of 97 infants with uncomplicated bronchiolitis. They felt that 

they could not justifiably withhold treatment of seriously ill patients 

for the purpose of drug evaluation. The more seriously ill patients 
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treated with ribavirin showed prolnpter resolution of illness than did the 
untreated patients. The greatest improvement occurred in treated patients 
between the fi rst .and second day of treatment. By use of a therapeut i c 

intervention score they found that recovery in treated patients was 
significantly more rapid than in the control patients despite their 
initially milder illness. 

Ribavirin aerosol treatment of RSV and parainfluenza virus type 3 

infections in immunodeficient infants. 
Gelfand et al. (23) treated an 8 month old infant with severe 

combined immune deficiency disease (SCID) and parainfluenza virus type 3 
pneumonia with ribavirin aerosol. At start of treatment the infant was 

critically ill and exhibited impaired respiratory function with a Pa02 of 
55 mm Hg, fever, radiographic changes, dyspnoea and great debilitation. 

Numerous viral particles were detected in respiratory secretions by 
electron microscopy. He was given four, five day courses of ribavirin 

aerosol and later two, ten day courses of treatment. After each treatment 
virus disappeared from secretions and major clinical improvement occurred. 
However, when treatment was stopped the patient relapsed. He received a 
marrow transplant from his father after the last treatment following which 

i IlIT1U ne funct ion retu rned. 
A second patient, a 5 1/2 month old boy with RSV pneumonia and SCID, 

responded well to a single course of ribavirin aerosol and did not relapse 
duri ng a one-week follow-up when he was success full y transplanted with bone 

Inarrow from his mother. McIntosh et al. (24) treated another 
immunodeficient 5 month old female who had pneumonia associated with RSV 

and parainfluenza virus type 3. She was critically ill, hypoxic and 
required endotracheal intubation. She received two five day and two 10 

day courses of ribavirin aerosol treatment. During the last two 10 day 
treatments the drug concentration in the reservoir was increased from 20 

to 25 mg/mL. This will produce an aerosol concentration of about 250 
micrograms per L during the first 12 hours of treatment; thereafter it 

would increase two or three fold from the starting concentration. The 
patient received treatment 20 hours per day. During the treatment period 

there was a slow, steady improvement leading to virtual clearing of 

pneumonia by the eight week. Parainfluenza virus type 3 disappeared from 

secretions by the 12th day although RSV was detected 64 days after start 
of the treatment program following which it disappeared. There was no 
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intolerance or toxicity from the treatment. Marrow transplant was 
performed on day 100 without success, although the virus infection had 
cl eared; at day 255 a second marrow transpl ant was successful. In 
summary, despite the presence of RSV specific IgA, IgG and IgM antibody in 
secretions, recovery from viral infection did not occur until after 

prolonged treatment with ribavirin. 
The foregoing reports have described a definite and substantial 

effect of ribavirin against RSV infection in infants. This includes all 
of the common manifestations of the disease, uncomplicated bronchiolitis. 

RSV pneumonia and pulmonary infection with RSV in infants with underlying 
congenital heart disease, bronchopulmonary dysplasia, prematurity. 

leukemia and immune deficiency. Two patients with severe combined immune 
deficiency disease with parainfluenza virus type 3 pneumonia improved with 

ribavirin treatment. In both cases the virus disappeared promptly from 
secretions, suggesting that this virus is more susceptible to ribavirin 
aerosol than is RSV. 

DISCUSSION 
This chapter has presented a description of the theoretical basis and 

the methodology of aerosol treatment with ribavirin. Since minute volume 
and metabolic need for gas exchange can be approximately correlated with 
body weight, deposited dosage of ribavirin aerosol was calculated to be 
about 0.82 mg/Kg of body weight per hour. Twelve or more hours daily of 

treatment were empirically selected and were found to be associated with 
more rapid recovery. Experiments in animals suggest that higher doses in 

a shorter period of time might also be successful. 
The clinical studies showed a substantial therapeutic effect in the 

treatment of RSV infection in all of its manifestations in infants. The 
parainfluenza virus infection occurred in children with severe combined 

immune deficiency disease and for that reason recovery seemed especially 

significant. 
College students with uncomplicated influenza caused by both A and B 

viruses recovered more quickly with the treatment. A small study of 

influenzal pneumonia caused by both A and B viruses revealed uniform, 

prompt recovery in four patients critically ill with this disease. 
We noted that illness and virus shedding in RSV infected infants 

respond less rapidly to ribavirin aerosol than influenza in college 
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students. The interpretation of these findings probably should not be 
that influenza is more responsive to treatment than RSV infection, since 
the relative effect of the drug in the two infections in terms of the 
untreated disease may be about equivalent. This question emphasizes that 
criteria for what constitutes optimum antiviral effect, are as yet, 
inadequately defined. Such criteria will become available when more drugs 
with a greater range of activity and modes of action are studied. For the 
present, however, we can with confidence report that antiviral therapy for 
influenza A and B virus and RSV is available, and for the latter two 
diseases, no other treatment is effective. We believe that parainfluenza 
virus infection will prove to be responsive to the treatment as well. 
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ANTIVIRAL THERAPY OF HIGHLY PATHOGENIC VIRAL DISEASES 
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INTRODUC'IION 

Thera are many severe diseases caused by iufection with enveloped nega

tive-stranded RNA viruses which could benefit significantly from antiviral 

therapy. These diseases include rabies caused by a rhabdcvirus, Lassa fever, 

Argentinian and Bolivian hemorrhagic fevers caused by arenaviruses, Ebola ~nd 

Harburg hemorrhagic fevers caused by Filoviridae, other hemorrhagic fevers as

sociated with bunyavirus iI.fections [Crimean-Congo hemorrhagic fever (CCHF), 

Rift valley fever and hemorrhagic fever with renal syndrome (HFRS)], as well 

as many of the togavirus diseases such as encephalitis, Yellow fever and Den

gue fever. The status of antiviral therapy differs for each of these infec

tions, but with few exceptions little clinical trial data exist. The purpose 

of this review will be to summarize the relevant data for antiviral therapy of 

these diseases with special emphasis on those human RNA virus infections al

ready known to respond to antiviral therapy in clinical trials. 

Many of the infections mentioned above cause hundreds of thousands of 

cases and thousands of deaths each year and all are associated with a high 

case fatality ratio (1-4). For example, the case fatality ratio of rabies is 

nearly 100 %; it is 90 % for Ebola hemorrhagic fever, and 15-20 % for Lassa 

fever. However, since most of them are endemic in underdeveloped countries, 

the resources available for seeking effective therapy have been very limited 

compared to those devoted to diseases more common in affluent countries. 

THERAPY OF VIRAL (RNA) HEMORRHAGIC INFECTIONS 

In vitro studies 

Past approaches to therapy of these diseases have included the highly to

xic interferon inducers, more recently interferons themselves and various an

tiviral compounds. The more successful antiviral compounds include nucleoside 

analogues such as ribavirin, 3-deazaguanine (3-DG), 3-deazauridine (3-DU), and 

(~)-9-(2,3-dihydroxypropyl)adenine (S-DRPA) (5). More recent research has 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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identified somE' newer nuclE<oside analogues such as tiazofurin and selena~ole 

(6). Ri.mantadine unci amantadine have had limited success (7). The high toxi-· 

city level of J:lany of these drugs has limi. ted thei r use in clinical trials. 

The few antiviral drugs which have been shown to have acceptable toxicity and 

clinical efficacy in the tr .. atment of negative-strand virus infections include 

rimantadine for th .. treatment of influenza (8), and ribavirin for the treat

ment of respiratory syncytial virus infections in children and for the treat

ment of Lassa fever (9,10). 

Arenaviruses 

One of the most dramatic clinical SUCCeGGe8 to date has been the therapy 

of arenavirus infection. There are four arenaviruses which nre known to cause 

disease in humans: lymphocytic choriomenengitis (LCM) , Argentinian and Boli

vian hemorrhagic fevers (AHF and BRF), and Lassa fever (LF). LCM is the only 

oue of the three diseases which does not have a high case fatality, the others 

have case fatalities of 15-20 % when untreated. 

The earliest studies were done with interferons and interferon inducers, 

both of which appeared to accelerate the disease process in monkeys infected 

with Machupo virus (11). Studies of LCM in mice show that high levels of in

terferon are associat .. d with more seVEore disease and death (12). Furthermore, 

interferon levels in patients with AHF have been shown to be quite high, es

pecially in those with severe diseace. Interferons may be induced during the 

course of the disease, and may play an important role in the pathologic pro

cess (13). These observations suggest that treatment of human arenavirus in

fections with i.nterferons may in fact be contraindicated. 

A more successful approach has been the effective treatment of Junin vi

rus infection in animals and humans with convalescent-phase plasma. A randomi

zed trial of 188 patients with Argentinian hemorrhagic fever demonstrated that 

convalescent-phc;se plasma reduced the mortality from 16 % to 1 % if the pa

tients were treated the first 8 days of illness (14). The efficacy of the 

plasma therapy appears directly related to the concentration of neutralj.zing 

antibodies in the plasma administered (15). Similar success was obtained in 

treating monkeys infected with Machupo virus (16). However, in both instances 

a late neurologic syndrome often develops, which may be related to the anti

body neutralization titer in the convalescent-phase plasma (14-16). The use of 

plasma for the treatment of Lassa fever has not beer. promising in humans (10), 

despite the efficacy of plasma therapy in some animal studies (see further). 

Plasma therapy of Ebola and ccnF have been advocated but efficacy has not been 

demonstrated. 
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Although a number of the nucleoside drug!> mentioned Elbove appear to inhi

bit arenavirus replication in vitro, oIlly ribavirin has been tected in animal 

models as well as in human infections (10,17,18). Therefore, a detailea des

cription will be made of ribavirin therapy of these diseases. 

Ribavirin. Ribavirin inhibits the replication of several RNA viruses and 

selected DNA viruses in vitro and in vivo (19). For RNA viruses the activity 

appears to be confined to the negative--stranded viruses such as myxoviruses, 

rhabdoviruses, bunyaviruses and arenaviruses, as well as the retroviruses 

(18,20). It does not appear to be active against double-stranded RNA virus~s 

such as rotavirus; nor is it activE against the highly letal negative-stranded 

RNA viruses Ebola and Marburg (Elliott LH, McCormick JB, unpublished data). 

Ribavirin acts as an inosine or guanosine analog in vitro, and can deplete the 

guanosine component of nucleotide pools in cells grown in the presence of ri

bavirin (20). Several experiments have sug~ested that the mechanism ef inhibi

tion of replication is through the blocking of 5'capping of messenger RNA (20, 

21). This observation is consister..t nith the guanosine ar..alogy of ribavirin 

since the final step in 5' capping is a buanylylation of the terminal ribonu

cleic acid at the 5'end of viral messenger RNA (20). Other activities of riba

virin have been suggested, such as inhibition of viral RNA polymerase (20), 

but these are less well established. Ribavirin is stable at room temperature, 

and is highly water soluble. It has been formulated for oral and intravenous 

use as well as for administration by respiratory insufflation, though it is 

currently licensed in the United States only for respiratory therapy. 

- ~~~~~~~_~~~~~~~~~a~. The distribution of radiolabeled ribavirir. in 

monkeys has been demonstrated in all organ systems, such as the liver, where 

many of the a:renaviruses replicate to a high level (22,23). Intravenous drug 

is absorbed more rapidly than intramuscular drug, but ito half-life in plasma 

following i.v. administration is twice that by i.m. inoculation (24).By ~ight 

houro following a single dose of ribavirin, 50 % of the drug has been excreted 

in the urine. However, the intracellular level of drug in rea cells increases 

for 24 hours before decreasing (25). The concentrations of drug in the plasma 

vary much more widely ill bingle compared to multiple daily regimens. Doses 

above 30 mg/kg/day are required to reach arenavirus therapeutic levels in tis

sues of primates (25). The highest levels of drug are found in the red blood 

cells, and apparently reflect an accumulation of the drug. The half life of a 

radiolabeled marker en ribavirin in red blood cells is about 7 days (26). The 

highest tissne levels seen follOWing a single dese were in the liver, kidney 
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~nd adrenal, and the lOwest in the brain (25). 

The drug is phosphorylated intracellularly Br'" the triphosphate is belie

ve" to be the active form of the drug (20). The drug is excreted primarily 

through the urine.ry tract and is principally excreted in a monophosphate forrr, 

(20) . 

- S~~~_~ii~5}3 __ ~~_~!~~~!~~~' The principal side effect of ribavirin is 

the reduction in hemoglobin. The mechanism of this reduction appears to be he

molysis of older red blooe cells through interference with the cell homeosta

sis. The red cell reduction is rever'sible and does not appear to result from 

suppression of the bune narrow (27). This is <. cumulative effect, anti the de

crease in hemoglobin is not seen until the second ",e",k of therapy. The drug 

has no measurable effect on the number of white blood cells, and actually cau

ses an increase it: the number of platelets, although it has no effect in vitro 

on platelet function. Some teratoger,ic effects vere shown when the drug was 

given at 10 mg/kg/day e,,<rly in pregnancy in rats ana rabbits but none waD ob

served in baboons at doses of 120 mg/kg/day given at critical points during 

pregnancy (28). 

In ~.!.EE;? __ ~<2.~!.~!.~L.9L_~!~~,!:!~!~_~J.~jE3_t __ ~~=~~:::!~~:!=~. Ribavirin was 

shown to inhibit in vitro both }iachupo and Lassa viruses at a level of 32 

,;g/ml and to completely irihibit growth at 100 iJg/1l11. No studies have beer, done 

on the specific mechm,ism of the inhibition of arenavirus replicCltion, though 

it is presumed likely to be through inhibition of 5'capping of messenger RNA, 

as observed with other negative-strand RNA viruses (20). Only ribavirin tri

acetate has been found to inhibit arenavirus replication to nearly the extent 

seen with ribavirin. All other substitutions or alterations in the ribose or 

triazole compounds have markedly reduced or eliminated the activity of the 

drug (20). 

- ~~~~_i3~1 __ ~~~~~~~_~~_~!.~~~!.~!.~_!~_E~!~~!=:!' Rhesus monkeys which have 

been infect.ed with a letha.l dose of Lassa virus survived when treated with ri

bavirin (50 mg/kg loading dose, and 30 mg/kg/day for 14 days) within 5 days of 

challenge. While monkeYD treated on day 5 had more severe illness than those 

treated before, all had limited viremia compared to untreated, fatally infec

ted monkeys (17). Monkeys treated with the same dose of ribavirin on day 7 af

ter inoculation did not survive. Monkeys treated with the same dose of ribavi

r~n as well as immune plasma did survive, suggesting a synergistic effect of 

ribavirin and immune plasma (28). More recently, primate studies have shown .., 
Lassa fever convalescent-phase plasma with a log neutralization index of > 10~ 
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pfu/ml is required to successiully prevent lethal infection in monkeys, but 

the pIc_sma must boo strain-specific and must be given very early in the coursoo 

of infection (29). 

Therapy of human arenavirus infection 

Lassa fever. Human infection by Lassa virus is widespread in West Africa 

with an antibody prevalance of up to 50 % in some villages (1). The virus is 

transmitted to humans through contact with infected urine or secretions from 

persistently infected Mastomys natalensis rodents as well as frum human to hu

man. The disease Lassa fever ranges in severity from mild or asymptomatic in

fection to a severe fatal illness (30) and affects all ages and sexes of 

people (1). Lassa fever produces a number of severe complications including 

high maternal mortality (especially in the third trimesler), fetal wastage, 

and deafness ~n many persons who recover from the acute illness (30). In some 

geographic areas Lassa fever is a major cause of mortalit~· in the adult popu

lation, and as such is a prime candidate for effective antiviral therapy (JO). 

Fatality in hospitalized cases of Lassa fever is 15-20 %, and in one study 

Lassa fever was responsible for 15-30 % of adult medical hospital admissions 

and 30 % of hospital medical deaths (30). 

Two studies of the effectiveness of ribavirin against Lassa fever have 

been conducted (10). The first was a trial of orally admiI!istered ribavirin 

compared to convalescent-phase plasJ:la. Patients with a clinical diagnosis of 

Lassa fever were randomly assigned to a drug or plasma treatment gruup. The 

patients treated with plasma were given a single m.it (250-300 ml) of conva-

lescent-phase plasma with an immunofluorescent antibody (IFA) titer of > 128. 

The second group was given a 2 gram loading dose of ribavirin followed by 1 

gram per day in divided doses every 8 hours for 10 days. 

A second trial of ribavirin in patients with Lassa fever included two 

randomly assigned groups of clinically diagnosed patients who had, it. addition 

to the diagnosis of Lassa fever, a hospital admission value of serum aspartate 

aminotransferase (AST) of > 150 IU/I. The patients in the first group received 

intravenous ribavirin, while th., second group received intravenous ribavirir. 

and a unit of convalescent-phase plasma at the time of admission. The ribavi

rin was given as a 2 gram loading dose followed by 1 gram every 6 hours tor 4 

days. The dose was then reduced to 0.5 grams every 8 hOUIS for 6 more days, a 

total of ten days of therapy. 

The data from both studi.es were ultimately evaluated for e fatal or non

fatal outcome. In addition, patients were grouped by two risk factors on hos-
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pital admission, the level of AST and the level of virtomia (31). Survivor ana-· 

lysie of these two variables had shown that levels of AST of 110 lull or above 

were significantly associated with increased case fatality, and that a level 

of 150 IU/l waf:: associated with a case. fatality of 55 % (10). Similarly, an 

admission viremia of 103 • 6 TCID50 /ml and above "'as associated with a case fa

tality of 76 % (31). Patients in the risk groups treated with ribavirin at any 

time ill illness had significantly lower case fatality than untreated patients 

with the same risk factors (Table 1) (10). (Untreated patients 'Were those stu

died 3 or 4 years earlier at the same hospitals prior to the availability of 

riba,irin). The day of illness treatment was begun had a significant effect on 

outcooe. Thus, patients with AST and viremia risk factors who were treated 

within the first 6 CE.ys of illness experienced a 5-9 % case fatality. Those 

with the same risk factors in whom treatment was initiated more than 6 days 

after the onset of illness the case fatality was 20-47 % (Table 2). The case 

fatality was significantly less for ribavirin-treated patients in all catego

ries than for either non-treated patients or for plasma-treated controls. Fur

thermore, patients treated with ribavirin had significant declines in viremia 

regardless of outcome, whereas patients who were untreated or treated with 

plasma and who died showed no decrease in viremia, consistent with the obser

vation that outcome is closely related to the inhibition of virus rer-lication 

(10). These data Ehow that ribavirin can prevent death in Lassa fever when gi

ven at any point in the illness, but that it is more effective when given ear

ly. It would appear that ribavirin has an effect on the viremia levels 10th 

early and late in illness. It seems likely, therefore that the pathogenesis of 

Table 1. Outcome of Lassa fever patients by treatment and risk factor. 

AST ~ 150 Viremia ~ 3.6 logs/mi 

Lived Died % Fatal Lived Died % Fatal 

No therapy 27 33 55 11 35 76 

Ribavirin 
Lv. 

a 51 12 19 21 10 32 
orala 12 2 14 7 3 3C 

Plasmab 14 14 50 9 12 57 

a plasma therapy. bSignificantly better than no therar-y and than 
Not significantly different from untreated. 
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Table 2. Outcome of I.assa fever patients treated 7 days or later after onset 
of illness, by treatment and risk factor. 

AST ? 150 Viren:ia ? 3.6 logs/ml 

Lived Died <> FE.tal Lived Died % Fatal 10 

No therapy 20 22 52 6 21 78 

Ribavirin 
Lv. a 32 11 26 10 9 47 
orala I.l 11 3 2 40 

Plasma b 
4 8 66 5 7 58 

a 
plasma therapy. bSigniticantly better thc.n no therapy and than 

Not significantly better than nu therapy. 

the infection is l~ss reversible later ill illness. Therefore, just a reduction 

in viremia is not sufficient for recovery in all patients. Patients coming 

late in disease will require further assessment t(, see if other drugs may be 

used to stabilize the shock state sufficiently long to allow the viremia to be 

reduced. 

Other arenaviruses. Two other arenaviruses, Junin and Hachupo viruses, 

also cause the severe human diseases of Argentinian hemorrhagic fever (AHF) 

and Boliv:l.an hemorrhc!;;ic fever (BHF) respectively. As in Lassa fever these in

fections are the result of contact with infected urine or other secretions of 

persistently infected rodents. There is less evidence of significant human to 

human infection from these infections, and the diseases are much more limited 

in the populations affected than is Lasse:. fever. Nevertheless, they are se

rious infections in humans with a mortality of 15-20 % when untreated (13), 

and are also candidates for antiviral therapy. The use of convalescent-phase 

plasma for the treatment of AHF has in fact been highly successful (14). It 

does, however, depend on collection of plasma from persons known to have had 

the disec.se, checking the plasma (or screening the donor) for antibodies to 

hepatitis, ar.Q proper storage until its use. No effort has yet been made to 

produce an immune globulin against AHF. The expense of collecting, testing and 

storing the plasma continues to be highly compensated for by the efficacy of 

the treatment. The system works well also because the disease is well locali

zed to a relatively small rural area of Argentina. Such a system might work 

less well if the affected area were much larger. In addition, the advent of 

Acquired Immunodeficiency Syndrome (AIDS) and the other retroviral diseases 



312 

Lrarwmissable by blood products may increase the risk of using plasma ill the 

iuture. 

Other virfll l!emorrhagic fevers 

Other viral hemorrhagic fevers are also candidates for antiviral therapy, 

and some are in various stages of study. Hantaan virus, the caUbe of HFRS, has 

been shown sensitive to ribavirin in vitr~ and in a very limlted anlmal study 

using the natural host !"jlod"tI:US 8.grarius (5). There are no satisfactory prl

mate models of HFRS, however, a clinlcal trial of ribavirin fn hun.ans with 

HFRS is currently being conducted. Hantaan virus is insensitive to all of the 

interferons in vitro (5). Tiazofurin and its selenium analogue are active in 

vitro against Hantaan virus, but no in vivo data are available (6). Rift val

ley fever has been show"ll to be sensitive to D nUlliber of compounds in vitro and 

in vivo including ribavirin, interferon and selenazole and 2-amino-l,3,4-sele

nazole (5). Treatment of Rift valley fever virus infections of hamsters by ri

bavirin at 20 mg/k5 b.i.d. has been successful in reducing fatality by 80 %. 

Ribavirin therapy of monkeys with a loading dose of 50 mg/kg and 30 mg/kg/day 

resulted in protection from a fatal dose of Rift valley fever virus (5). CCHF 

virus has been shown sensitive to ribavirin at concentrations of 15-20 IJg/ml 

in vitro; however. no animal therapeutic studies have yet investigated the 

efficacy of ribavirin against CCHF virus in vivo. This disease is widespread 

throughout Africa, Asia and the Middle East, causing severe human disease, in

cluding several nosocomial outbreaks. In addition, it causes epizootics in do

mebtic animals, thus it is a prime candidate for antiviral therapy. 

OTHER APPROACHES TO TREATMENT OF VIRAL HEMORRHAGIC FEVERS 

More recent understanding of the inunune and physiologic responses to 

acute infections has suggested new approaches to the treatment of many acute 

viral diseases. Such an approach would be directed at suppressing or otherwise 

altering specific host responses to the infection without interfering with the 

immune response, a sort of "time buying" approach until the virus is cleared 

by the host immune response. A recent example of such an approach stems from 

studies of the pathophysiology of Lassa fever. The cause of death in this di-· 

sease appears to be associated primarily with shock (32,33). Recent studies 

have excluded disseminated intravascular coagulation as a significant compo

nent of the disease process (32). However, studies of endothelial and platelet 

function suggest that Lassa virus infection produces important dysfunctions of 

both of these cell systems (32), even though platelets are to be found in ade-
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quate numbers and endothelihl cells appear normal by histological examination. 

Studies initiat(Od in primates and then iIi humans show that in the face of a 

platelet count of 2 x l06/mm3 aggregation was abnormal by day 6 after infec

tion (days 6-9 of rliE'ease for humans) becoming virtually absent. just prior to 

death. In patients who improve, the platelet aggregation rapidly returns to 

llormal. The same studies in monkeys have shown that endothelium. is grossly 

dysfunctional, as juciged by the extensive extravasation of fluid i~to extra

vE.scular spaces, and by failure of prostacyclin production. The view that 

these lesions are central to the shock associated with Laash fever, and the 

potential of prostacycl:Ln treatment in stabilizing patients with seve:re Lassa 

fever through the sheck phase of the illness is presently being assessed (34). 

SUMMARY 

There are many severe diseases caused by arboviruses end hemorrhagic fe

ver viruses. These include many of the severe encephalitides, Yellow fever, 

lJengue fever as well as Lassa fever, Ebola and l;arburg diseases, and Crimean/ 

Congo hemorrhagic fever. Although all of these are severe, often lethal, in

fections, only Lassa fever and Argentinian hemorrhagic fever have been shown 

amenable to intervention by antiviral therapy by ribavirin and convalescent

phase plasma, respectively. Therapeutic studies of hemorrhagic fever with re

nal syndrome and Crimean/Congo hemorrhagic fever with ribavirin are currently 

underway. However. ItO candidate antiviral agents have yet been produced 

against the viruses causing Yellow fever, Dengue fever, Ebola-Marburg virus 

infections, nor against the encephalitides caused by the togaviridae. The fre

quency of human infection, severity of disease and sequelae, and the high Chse 

fatality of many of these latter diseases justify an increased effort in 

searching for new, effective antiviral drugs against these relatively neglec

ted infections. 
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RESPIRATORY VIRUS INFECTIONS 
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Medicine, Charlottesville, Virginia 

THE NEED FOR ANTIVIRAL CHEMOPROPHYLAXIS AND THERAPY 
Impact of Respi ratory Vi ral Infecti ons 

Respiratory viral infections are the most common infectious diseases of man and 
a major cause of morbidity and mortality globally. In developing countries 
respiratory viruses remain an important cause of childhood mortality (1). Acute 
respiratory diseases, which are frequently caused by viral infections, account for 
20% of childhood mortality and in some parts of the world are the commonest cause of 
death in children (1). It is estimated that 2.2 million deaths occur throughout the 
world annually as a result of acute respiratory diseases. These diseases account for 
about 13% of all deaths in Africa, Central America and the developing countries of 
Asia, compared to 3% in North America (1). In developed countries certain viral 
infections continue to cause significant mortality in high-risk groups, particularly 
infants and the elderly. In the United States, influenza virus epidemics have been 
estimated to have been associated with over 10,000 excess deaths during 18 of the 
past 28 years (2). 

Viral respiratory tract infections of adults and children are important targets 
for antiviral chemoprophylaxis and therapy because of their frequency and cummulative 
morbidity. According to 1981 estimates, the average individual in the United States 
suffers 1.05 nontrivial upper respiratory illnesses or bouts of influenza per 
year (3). These episodes account for 36% of days lost from work and 54% of days lost 
from school due to acute conditions (3). The common cold has been estimated to cause 
about 250 million days of restricted activity and about 30 million days lost each 
from work and school (4). Other studies have found that the average adult 
experiences 2.3 (5) to 5.6 (6) common cold episodes each year. Rhinoviruses alone 
cause nearly one infection per adult per year (7). Annual expenditures in 1985 for 
over-the-counter cold symptom treatments were estimated to be $556 million (8), and 
others have estimated that sales of proprietary cold remedies exceed one billion 
DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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dollars per year (4). In the United States the economic costs of an influenza 
pandemic has been placed at 5-6 billion dollars (9), and in epidemic years the 

costs related to excess hospitalizations are measured in hundreds of million of 
dollars (10). 

Respiratory viruses, including those like rhinovirus that typically produce 
upper respiratory symptoms, have been implicated in exacerbations of asthma and 

chronic obstructive airways disease (11-13). Respiratory syncytial virus infections 

commonly cause lower respiratory tract involvement in the fonm of bronchiolitis and 
pneumonia and have been associated with attacks of childhood asthma and prolonged 
pulmonary function abnonmalities (13). Influenza virus infections are 

well-documented causes of acute deteriorations in asthma and chronic bronchitis 
patients and have been associated with prolonged small airways functional 
abnormalitities and airway hyperreactivity in previously healthy adults. The 
available evidence suggests that the successful use of antiviral agents for 

prevention and possibly therapy of respiratory viral infections could offer 
substantial clinical benefit to those with preexisting airways disorders. The role 

of respiratory viral infections in the pathogenesis of chronic pulmonary disease in 

adults (14) is unsettled but effective interventions could potentially modify the 
development of lower respiratory tract problems in certain groups. 

Certain respiratory viruses, especially influenza (2) and RSV (15), are 
nosocomially transmitted agents which infect both hospital personnel and patients. 
Infected patients often have serious complications and prolonged hospitalizations 

following these infections. Such groups comprise additional target populations for 
the use of antiviral agents to prevent the consequences of respiratory viral 
infections. 
Etiologic Agents and Related Clinical Syndromes 

The respiratory viral pathogens accounting for the majority of illnesses are 
listed in Table 1. These viruses share the respiratory tract mucosa as the initial 

and principal sites of replication and disease expression. A number of other viruses 

can cause infections with respiratory tract manifestations, often as part of systemic 
infection, such as Epstein-Barr virus mononucleosis or cytomegalovirus pneumonitis, 
but these infections are considered in other chapters. The respiratory viruses 

differ from each other in fundamental biochemical characteristics and the nature of 

their host cell interactions, as well as in antigenic diversity, epidemiologic 

patterns, and clinical manifestations of infection. Differences in virus-host cell 

interactions will necessitate the development of virus-specific agents for most 
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infections. The differing epidemiologic patterns of infection need to be considered 
in identifying effective strategies for the use of antiviral agents and designing 
field studies of drug efficacy. 

Tab le 1. Characteri sti cs of the Respi ratory Vi ruses 

Vi rus Nucleic Lipid Vi ri on #antigenic 
(Famil,t) Acid envelo(!e diameter (nm) serot,t(!es 
Rhino ssRNA 20-30 100 

(pi corna) 

Influenza ssRNA + 80-120 3 types-A,B,C, 
(orthanyxo) (segmented) (3 A subtypes, 

many A & B strai ns) 

Parainfluenza ssRNA + 150-300 types 1-4 
(paramyxo) 

Respiratory ssRNA + 150-300 1 (2 or 3 subtypes 
syncytial recognized) 
(paramyxo) 

Adeno dsDNA 60-90 41 
(adeno) 

Corona ssRNA + 75-160 >4 
(corona) 

Abbreviations: ss- single-stranded, ds = double-stranded 

This large group of viruses causes a relatively small number of overlapping clinical 
syndromes (Table 2), the manifestations of which depend on the site and agent of 
infection. The common cold, pharyngitis, laryngitis, tracheobronchitis, and 
pneumonia are recognized as typical clinical expressions of infection at different 
levels of the respiratory tract. In children, croup (laryngotracheobronchitis) and 
bronchiolitis are additional age-related syndromes. Many unrelated viral pathogens, 
and some nonviral respiratory pathogens such as mycoplasma, are capable of causing 
similar clinical syndromes. Not only are there potentially multiple etiologies for 
each syndrane, but each type of virus is capable of causing different clinical 
syndromes. These observations suggest that antiviral chemoprophylaxis against all or 
most respiratory viral illnesses would necessitate continuous use of a safe broad 
spectrum agent or combination of agents. This possibility appears remote at the 

present time. 



320 

Table 2. Common Respiratory Syndromes and Associated Viral Etiologies 

Common 
Vi rus Cold Pharyngitis 

Rhino +++ + 

I nfl uenza + + 

Para-
i nfl uenza + + 

RSV 
Adeno 

Corona 

+ 
++ 
++ + 

Tracheo-
bronchitis 

+ 

+++ 

++ 
++ 
+ 

Croup Bronchiolitis Pneumonia 

++a +a ++ 

+++a ++a ++a 
++a +++a +++a 

+ ++b 

Abbreviations: +++ = most commonly associated virus, ++ - commonly associated, 
+ = associated, + = possibly associated 
a = infants and Jloung children, b = military personnel 

Rapid Viral Diagnosis 

Rapid viral diagnosis is an integral part of the successful application of 
virus-specific antiviral agents for management of respiratory tract infections. 
Factors which are helpful in making a specific diagnosis include knowledge of the 

age and general condition of the host, time of year, and epidemiologic 

characteristics of the viruses under consideration. Certain clinical presentations, 
such as RSV bronchiolitis in young children or febrile respiratory illness in an 

adult during a known community outbreak of influenza, are sufficiently characteristic 

to allow a high likelihood of accurate etiologic diagnosis. 
However, clinical and epidemiologic evaluation will usually not provide 

sufficient information to identify a specific viral pathogen, and laboratory 
documentation of infection is required. Serologic studies are helpful in retrospect 
but too slow to be beneficial for the therapeutic decisions in an individual patient. 

Viral isolation may also not be rapid enough to be of value in making clinical 
decisions for individual patients. Between two and ten days are required to isolate 

most respiratory viruses (16). Specimen quality and method of collection are 

important related variables. For example, nasopharyngeal washes or aspirates have a 

higher yield of virus recovery than do throat swabs for some respiratory pathogens 
including RSV (17) and rhinovirus, whereas throat swabs are better for isolation of 

adenovirus (18). At the community level, the virology laboratory can provide 
surveillance data, helpful in implementing antiviral prophylaxis or treatment. 

The rapid detection of viral antigens by immunofluoresence and enzyme-linked 
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immunoassays is gaining wider availability. Several types of sensitive diagnostic 

test systems are commercially available for RSV. The development of rapid accurate 

diagnostic methods is needed for other respiratory viruses. In the future, effective 
intervention will probably depend on the use of narrow spectrum agents in conjunction 
with rapid etiologic diagnosis. 
Limitations of Immunization 

Active immunization would in theory be the optimal means to prevent respiratory 
viral disease. One major problem with immunization is the vast antigenic diversity 
of the respiratory viruses (Table 1). Rhinoviruses, which account for about 40% of 

common colds, currently number 100 different serotypes. Even for infections like 

influenza where effective vaccines exist, the vaccine may lose efficacy because of 
antigenic changes in the epidemic strains and because of waning host immunity. These 

limitations necessitate reformulation of the influenza vaccine and annual 
administration to high risk individuals. The latter requirement has probably 
contributed to the relatively low utilization rates of inactivated influenza 
vaccines in the United States. Considerable investigation has been directed at 

developing attenuated, intranasally-administered vaccines which would be expected to 
stimulate local immune responses and perhaps provide more solid and longer-lasting 

protection (19,20). The development of new vaccines may enable implementation of 

more effective immunization programs. Use of the oral, attenuated adenovirus vaccine 
by military recruits has proven effective in controlling acute respiratory disese 
caused by adenovirus types 4 and 7 in this specific population (21). For other viral 

pathogens, like respiratory syncytial virus, the development of a safe and effective 
vaccine for infants and young children has not been successful. An inactivated 
vaccine led to enhanced illness when natural infection was acquired (22), and an 
attenuated vaccine was not protective (23). According to the author of one 

infectious diseases monograph "Human respi ratory vi ruses are among the most sucessful 

animal viruses in the world. Many show regular antigenic variation, and ••• are 
perhaps entering their golden age, with an almost unlimited supply of susceptible 

hosts ••• " (24). 
Present Status of Antiviral Agents 

Both the development and acceptance of effective antivirals for respiratory 

viral infections has been slow. In the United States effective chemotherapy is 
currently limited to two licensed drugs, oral amantadine for influenza A virus 

infections and aerosolized ribavirin for RSV bronchiolitis and pneumonia. This 

situation contrasts with the extensive and growing number of effective antimicrobic 
agents used for treating nonviral respiratory tract infections. Advances in the 
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field will depend in part on identifying other potent, selective antivirals. 
Paradoxically, confusion also exists concerning the appropriate use of the few 

available antiviral drugs. For example, in 1968 amantadine became the first systemic 
antiviral agent licensed for use in the United States. Despite its documented 
efficacy in the treatment and especially prevention of influenza A virus-induced 
illness, amantadine has only recently began to gain acceptance by the medical 

community. 

APPROACHES TO THE CONTROL OF RESPIRATORY VIRAL ILLNESS 

ProphYlaxis of Infection 
Methods for controlling respiratory viral illness can be divided into those 

which prevent transmission of infection and those used for treatment of an 
established infection. Strategies aimed at protecting uninfected contacts require 
knowledge of the epidemiology and modes of transmission of the particular virus. In 
general, transmission requires exposure of a susceptible respiratory tract mucosa to 
infectious virus. The infective doses, initial sites of infection (nasal passages, 
conjunctiva, pharynx, or lower respiratory tract) and the associated mechanisms of 
transmission (direct contact with secretions, exposure to large droplets or 

inhalation of small particle aerosols) have not been defined for naturally occurring 

infections but appear to differ for the different respiratory viruses. These 
differences may have especially important implications for the use of topical 
antiviral agents. For example, intranasal application of an antiviral may not 

provide protection against viruses like influenza which can initiate infection in the 

lower respiratory tract. 
Environmental or barrier control measures. For rhinovirus, exposure of the 

hands to a virus-ladden fomite or hand with subsequent self-inoculation of the 
conjunctiva or nasal mucosa is an efficient mechanism for spreading infection under 

experimental conditions (7). Thus, measures aimed at preventing rhinovirus 
infections might involve mechanical barriers, such as paper handkerchiefs, to prevent 
contamination of hands and the environment; barriers to interrupt the process of 

self-inoculation; and practices to remove infectious virus from contaminated hands, 

such as efficient hand washing. In an experimental setting, the use of paper 

handkerchiefs reduced rhinovirus contamination of the hands of ill subjects and 
decreased the frequency of transmitting infection to volunteers exposed by 
hand-contact with ill subjects (25). 

Barrier measures have been investigated to reduce the risk of nosocomial RSV 
transmission to other infants and hospital staff. The routine use of masks and 
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gowns has been shown to be ineffective in reducing transmission of RSV to hospital 
personnel caring for infants with the disease (26) or to other infants (27). 
However. the use of disposable eye-nose goggles by hospital staff has been found 
to reduce the risk of nosocomial RSV infection in both infants and hospital 
personnel (28). 

Considerable investigation is currently directed at the use of compounds that 
cause direct or contact inactivation of infectious virus. Such virucidal agents 
could supplement the effects of mechanical barriers and have been formulated in 
various ways to determine the feasibility of interrupting transmission. Paper 
handkerchiefs impregnated with virucidal materials such as citric acid and malic acid 
appear to be effective in blocking transmission of rhinoviruses under experimental 

conditions (29.30). Also. under experimental conditions. disinfection of 
contaminated fomites (31) or the application of virucidal substances (iodine) on the 
fingertips have been shown to reduce the risk of rhinovirus transmission (32). 
Virucidal hand lotions may have a similar effect in preventing hand contamination 
with subsequent self-innoculation or transmission to others. Although of 
considerable potential value. these approaches have not yet been proven to be 
effective in preventing natural rhinovirus infections. 

Attention to the circulation of air from hospital rooms of persons infected with 
viruses known to be transmitted by aerosol such as influenza may serve to decrease 
nosocomial transmission. Attenpts to interrupt spread of respiratory infections by 
air purification with ultraviolet light was found to reduce the risk of measles but 
not common cold transmission in schools (33). 

Immunization. Passive immunization is a theoretical possibility where the agent 
of infection and the timing of exposure are known. SystemiC administration of 
specific antiviral antibodies has been shown to be effective for certain viral 
infections like measles and varicella. which have a respiratory tract portal of entry 
followed by viremic dissemination. Whether systemic or topical administration of 
antibody would be useful in prophylaxis of infections limited to the respiratory 
tract remains to be determined. Such an approach would not be feasible for the 
common cold but might have potential value in high-risk patients after known exposure 
to viruses of known antigenic type. such as RSV or parainfluenza virus. Passive 
immunization with intravenous globulins rich in antibody to RSV for prophylaxis and 
treatment has proven promiSing in the cotton rat model and is currently under 

investigation for treatment in a primate model of this disease (34). 
Antiviral chemoprophylaxis. Effective chemoprophylaxis generally requires 

administration of the agent for the duration of the exposure. This period depends on 
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the prophylaxis strategy (seasonal, postexposure, institution-based), the viral 
pathogen, and in the case of postexposure use, the duration of illness and viral 
shedding in the index patient. 

I" formulating prophylactic antiviral strategies for syndromes such as the 
common cold, it would be desirable to employ an agent active against a broad range of 
potential pathogens. Interferons have in vitro activity against most respiratory 
viruses but intranasal interferon a1pha-2 has been ineffective in field studies for 
preventing infections due to viruses other than rhinovirus (35,36). Reduction in the 
severity of symptoms among those infected with parainfluenza was observed during one 
prophylaxis study with interferon a1pha-2 (36), but this study and others (35,37) 
have not found reductions in parainfluenza infections. The success of intranasal 
alpha interferons for prophylaxis of influenza A and B has also been limited (38-40). 

One concern regarding antiviral chemoprophylaxis is the successful prevention of 
infection, such that the protected patient remains suseptib1e to infection upon 
subsequent exposure. Optimally a chemoprophylactic agent would allow subclinical 
infection and associated natural immunization to occur without the burden of illness. 
In rhinovirus infections, high dose intranasal interferons can prevent both infection 
and illness after experimental challenge, whereas lower doses allow infection but 
protect against illness (41). Oral amantadine and rimantadine are more protective 
against influenza A virus-induced illness than against laboratory-documented 
infection (42) but still leave a substantial proportion of recipients susceptible to 
later infection. 

Since most respiratory viral infections are self-limited illnesses, potential 
antiviral agents must have very high therapeutic indices. In particular, with drugs 
used for prophylaxis in healthy children or adults, only a fraction of whom will be 

expected to contract the infection, the antiviral must be free from significant 
toxicity. Because of the frequency of respiratory viral infections, antiviral agents 
can be anticipated to have repeated use and must also be free of significant 
cummu1ative side effects. 

Treatment of Established Infection 
Objectives in the treatment of an established respiratory viral infection are to 

reduce the severity of symptoms and decrease the risk of serious morbidity or 
secondary complications. Treatment of such infections may be directed principally at 
providing symptomatic relief with no effect on viral replication or at inhibiting 

viral replication. These approaches are not exclusive, and combinations of antiviral 
and symptomatic drugs may ultimately provide the greatest benefit. 

Preventing transmission of infections is also an important goal of treatment. 
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This could be accomplished by use of antiviral drugs which limit viral replication or 
perhaps by reducing illness manifestations (mucus production, cough, sneezing) that 
are important in transmitting infection. For example, in a mouse Inodel of influenza, 
rimantadine treatment was effective in reducing pulmonary virus titers and the risk 
of transmitting infection to untreated contact animals (43). Drugs which reduce 
symptoms without affecting viral growth could theoretically reduce the risk of 
transmission but this has not been tested directly. 

Symptomatic regimens. Symptomatic treatments for respiratory viral disease 
have a wide acceptance and utilization throughout the world. In Western nations 
oral antihistamines and oral or intranasal decongestants are major symptomatic 
therapies for the common cold and have been shown to provide some reduction in cold 
symptoms (44). Careful study of the pathogenesis of illness production in different 
infections may identify host responses that could be specific targets for symptomatic 
interventions. For example, release of histamine does not appear to playa 
significant role during rhinovirus colds, whereas high concentrations of kinins have 
been found in the nasal secretions of symptomatic subjects (45). Drugs which modify 
the production or biologic effects of kinins might be candidates for symptom control. 

Adverse effects of such commonly used treatment regimens need to be considered 
in the cost-benefit analysis of their value. Placebo-controlled trials have found 
mild central nervous system side effects with oral antihistamines used alone (46) or 
in combination with amantadine (47). In experimental rhinovirus colds (48), aspirin 
therapy was associated with increased viral shedding compared to placebo. If such an 
effect occurred in naturally occuring rhinovirus infection, it is possible that 
aspirin treatment could increase the risk of spread of infection to others. The 
association of Reye's syndrome and salicylate use during certain viral infections 
including influenza (49) demonstrates another undesirable unexpected adverse 
consequence of symptomatiC therapy. 

Certain traditional folk remedies which are culturally accepted as providing 
symptoms benefit may have biologically relevant activities that could explain their 
usefulness. Ingestion of hot chicken soup has been advocated by many generations as 
a remedy for the common cold. This common remedy may provide symptomatic relief 
because of its ability to increase nasal mucus velocity (50). In China, traditional 
herbal remedies have been used for many generations to treat upper respiratory tract 
disease or mild disease of the lower respiratory tract. For severe illness the 
herbal therapy is combined with Western therapies (1). A flavone isolated from the 
Chinese medicinal herb Agastache Folium has been shown to have potent in vitro 
anti-picornavirus activity. perhaps by inhibition of viral replication (51). 
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Additionally, it has been suggested that radix astragalus, used in traditional 
Chinese medicine, stimulates IgA secretion and induces interferon production when 

given orally or by aerosol (1). As such this remedy may have or be capable of 
inducing specific antiviral activity. 

Antiviral chemotherapy. Antiviral therapy would be expected to provide benefit, 
if ongoing viral replication was central to the pathogenesis of symptom development. 

Since most respiratory infections are self-limited and have relatively short periods 
of viral replication, early initiation of treatment is needed to exert a beneficial 
effect. If the severity or duration of clinical illness is not related to the degree 

of viral replication, then specific antiviral chemotherapy would probably fail to 

substanti ally affect the c 1 i ni ca 1 course. Host responses, such as the release of 
inflammatory mediators or immune-mediated injury, may play greater roles than 
on-going viral replication in causing disease in certain infections. Assessments of 
the duration and degree of viral replication, reflected in the concentrations of 
virus shed in respiratory secretions, and their relationship to the degree of illness 

and possibly long-term sequelae are important in this regard. 
Another concern in the use of antivirals for treatment of respiratory virus 

infections, as in prophylaxis, is the possible inhibition of normal host immune 

responses to infection. This could theoretically leave the host susceptible to 

reinfection with the same virus serotype. No differences in seroconversion rates 
have been observed with the use of amantadine or rimantadine for treatment of 
uncomplicated influenza compared with controls (52, 53). A related concern is the 

possibility of a rebound in viral replication if treatment ceases before host 

responses are sufficient to control the infection. Increased prevalence of viral 
shedding without associated clinical deterioration has been described after low 
dose, short-term intranasal interferon prophylaxis of experimental rhinovirus 

infections (41) and after oral rimantadine therapy for natural influenza A virus 
infections in children (54). The clinical significance of these observations remains 

to be determined, but suggests the need for longer duration of treatment. Prolonged 
or recrudescent infections are of particular concern in children with primary or 
acquired immunodeficiency syndromes (55). 

With widespread use, the development of resistance to antiviral agents is an 
i ncreasi ng concern. Drug resi stant influenza A vi ruses are readily recovered under 
laboratory conditions and have been reportedly isolated from non-drug exposed 

patients (56). During the course of experimental avian influenza (57) amantadine 

and rimantadine-resistant viruses were readily isolated from drug treated birds. 
These viruses were also shown to infect and cause illness in contact birds receiving 
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amantadine prophylaxis. Because large amounts of replicating virus are exposed to 
drug during therapeutic use, it may increase the likelihood of selecting 
drug-resistant virus relative to prophYlaxis. Monitoring of the drug 
susceptibilities of respiratory viruses will be an important part of future studies. 
Topical Administration of Respiratory Antivirals 

Although differing in a number of characteristics, the respiratory viruses share 
a common affinity for the human respiratory tract. For the use of antivirals, this 
means that effective drug concentrations must be achieved at the site of infection 
within cells of the respiratory epithelium. Certain antivirals like interferons may 
exert activity through interaction with cellular receptors and induction of 
intracellular mediators, but adequate delivery of agents to susceptible areas of 
respiratory mucosa remains a major practical problem. The use of orally or 
parenterally administered antivirals is often limited by systemic toxicity. 
Alternatively, the topical application of antivirals to the respiratory mucosa may 
achieve high regional antiviral activity and reduce the risk of systemic side 
effects. This approach has been used successfully with aerosolized ribavirin, in 
contrast to oral administration (58), and with intranasal interferon. 

The nature of the drug and its delivery system are important variables in 
topical application of antivirals to the respiratory tract. Optimal characteristics 
of solubility and vehicle composition have not been well defined, but water 
solubility appears to be advantageous. The convoluted and extensive surface area of 
the nasal mucous membranes and mucociliary clearance mechanisms have been obstacles 
to the delivery of intranasal medications. Limited studies of intranasally 
administered interferons have suggested that they are cleared rapidly like 
particulate materials. Additionally, beta interferon may be directly inactivated by 
nasal secretions (59). Interventions to maintain higher local concentrations, such 
as the use of oral antihistamines to decrease clearance or of saturated cotton 
pledgets, reduce the amount of interferon needed to achieve an antiviral effect but 
are probably not of practical value (60). Studies using radiolabelled albumin 
solutions have found that the intranasal distribution of coarse nasal sprays 
administered to volunteers is much poorer than that of nasal drops (61), especially 

if the subjects are upright rather than supine (62). Depending on the volume, 
velocity, and particle size of the spray. materials are frequently deposited in the 
vestibule or anterior nasal passages and do not distribute well to the nasopharynx. 
In volunteer studies of experimental rhinovirus colds, administration of interferon 
alpha-2 by nasal drops appeared to be associated with greater antiviral effects and 
clinical benefit than when given by nasal spray (63). Another concern with topical 
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administration is the development of local toxic reactions. Intranasal interferon 
use avoids the dose-related toxicities of systemic administration but may be 

associated with the frequent occurance of local irritation and mucosal 
histopathologic changes (64). 

The type of delivery system is also critical when administering drugs by 
aerosol to the lower respiratory tract. The development of efficient and reliable 
small particle aerosol generator units has been central to the successful application 
of aerosolized ribavirin. Currently available delivery systems are limited to use 
in institutionalized patients because of the requirement for prolonged and often 
continuous exposure periods and because of the need to monitor the apparatus. In 
situations where oral administration may be unreliable and where no parenteral 
form exists, aerosol may provide an alternative means of drug delivery. 
Aerosolized rimantadine was as effective as oral rimantadine in experimental 
influenza illness (65) and one study suggested a beneficial effect of intermittent 
aerso1ized amantadine in uncomplicated influenza (66). On the other hand, aerosol 
therapy may cause local irritation or exacerbate preexisting lung disease. In this 
regard aerosolized amantadine was associated with reversible abnormalities (67), 
whereas aerosolized ribavirin has been remarkably well tolerated in infants with RSV 
bronchiolitis and pneumonia. 
Strategies For Use 

Because of the frequency of respiratory viral infections, clinical use of 
antiviral agents depends on developing strategies that are effective and safe during 
long-term or repeated drug administration. In addition, these strategies must be 
economically feasible and accepted by both phySicians and the public. Medication 
taken on a seasonal basis to prevent common colds would not be successful in the 
market place if its cost were excessive. Acceptability will be influenced by the 
complexity of the dose regimen, route of administration, particular target 
population, and demonstration of cost-effectiveness. Acceptability will also depend 
on access i bil i ty. I f the avai 1 abi 1 i ty of ant i vi ra 1 s for respi ratory tract infections 
is limited to physician-based prescribing, then use will be restricted principally to 
therapeutic administration and perhaps to prophylaxis in high-risk groups. 

These points raise several important questions. If antiviral agents become 
available to prevent or treat common colds, should they be available without 
prescription, as are most symptomatic cold remedies? What is the potential for misuse 
by consumers and what are the risks of selecting drug-reSistant viruses? What is the 
potential effect that effective respiratory antivira1s would have on the current 
widespread use of antibacterials for upper respiratory illnesses? And could these 



329 

potential changes in antibiotic prescribing have an impact on bacterial resistance 
patterns? 

Seasonal prophylaxis. Viruses which occur predictably in a given locale are 
potential targets for seasonal prophylaxis. This approach can be most effectively 
used against viral infections that occur in epidemics of short duration. This 
pattern is classically shown by the influenza viruses which cause annual outbreaks, 
lasting 6-8 weeks in a particular region. Daily oral administration of amantadine or 
rimantadine during community outbreaks of influenza has been proven to be protective 
(70-90% efficacy) against influenza A virus-induced illness in placebo-controlled 
studies (42). However, premature discontinuation of prophylaxis can result in an 
increased risk of infection (68). Prophylaxis might serve not only to protect the 
subject receiving medication, but also to confer protection on untreated contacts by 
reducing the number of infectious sources in the family unit or other closed 
population. For example, recent studies have found that rimantadine prophylaxis of 
school children during influenza A outbreaks reduces the risk of illness in untreated 
family contacts (69). 

Many other viruses, including respiratory syncytial virus, parainfluenza virus 
types 1 and 2, rhinovirus, and coronavirus have unique seasonal patterns, but the 
longer duration of their periods of activity, the variable age-associated illness 
rates, and the occurrence of overlapping periods of activity are important variables 
in considering seasonal prophylaxis with antiviral agents which are virus-specific. 
The broad i!!. vitro antiviral spectrum of interferons and the encouraging results in 
volunteer models of experimental infection engendered hopes that long-term or 
seasonal use would protect against a wide range of respiratory viruses. As discussed 
above, intranasal interferon alpha-2 has been proven to prevent only natural 
rhinovirus infections in studies to date, and its prolonged use (weeks) has been 
associated with frequent nasal side effects (64). These shortcomings appear to 
preclude its long-term use in healthy adults. Studies of intranasal interferon 
a1pha-2 in asthmatic children have found some evidence of protection against 
respirato~ illness during intermittent use over a period of three months (70), but 
further studies are needed in high-risk groups. A recent tolerance trial with 
interferon beta-serine17 indicates that it may have lower potential for side effects 
but its efficacy remains to be established (71). 

Postexposure prophylaxis. Prophylaxis after exposure to a person with 
respiratory illness, such as commonly occurs in the family setting, is an effective 
approach where there are high rates of secondary transmission. The prinicipal 
reservoir of many viruses appears to be the upper respiratory tract of school 
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children (72). The common pattern of transmission involves spread within the school 
system and subsequently within the household. Epidemiologic studies have shown this 
to be the case for rhinovirus colds, as well as for influenza and respirato~ 
syncytial virus infections, where school-aged children are frequently implicated as 
introducing the virus into the household. Short-term (7 days) prophylatic use of 
intranasal interferon has been recently shown to be an effective means of preventing 
transmission of rhinovirus colds in families (73,74). One study of oral amantadine 
(10 days) found marked reductions in influenza illness occurence in alnantadine
treated household contacts compared to placebo (75), but a subsequent study by the 
same investigators failed to confirm their initial observations (76). Further studies 
are needed to determine whether this approach is an effective and practical one. 

Institution-based prophylaxis. Work sites as a place of viral transmission have 
received increasing study. In contrast to the household setting, rhinovirus 
infections do not appear to spread ve~ efficiently among persons at work. 
Other viruses, particularly influenza and RSV, are well documented nosocomial 
pathogens (2,15). Use of antivirals to prevent transmission of these agents from 
patient to staff and from staff to patient would be one strategy for controlling this 
problem. One placebo-controlled study found oral amantadine administration to 
hospitalized patients was efficaciOUS in preventing nosocomial influenza during a 
documented community outbreak (77). An uncontrolled study suggested that amantadine 
administration to patients and staff may prevent the further spread of an established 
nosocomial outbreak of influenza (78). 

Prophylaxis of other instutitional populations, such as those in nursing homes, 
boarding schools, or day care centers is appropriate where there is a documented risk 
of outbreak occurence. Amantadine and rimantadine have proven prophylactic efficacy 
in such settings (79). 

Treatment. Therapeutic strategies for the use of an antiviral agent depends on 
the frequency of infection and its associated morbidity including both short and 
long-term sequelae. Since use is limited to those individuals who are symptomatic, 
some drug side effects may be acceptable, particularly in individuals who are at high 
risk for serious complications. Important targets for therapy include influenza 
virus infections in children and adults, and respiratory syncytial virus, 
parainfluenza virus, and adenovirus infections in children. Oral amantadine and 
rimantadine have significant therapeutic effects in uncomplicated influenza A virus 
infections of adults. Amantadine has been shown to speed the resolution of small 
airways functional abnormalities (SO). However, it remains undetermined whether 
either drug can prevent the complications of influenza in high-risk patients or 
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accelerate the resolution of established viral pneumonia (81). Similarly, 

aerosolized ribavirin has significant antiviral and clinical effects in RSV 

bronchiolitis and pneumonia of hospitalized children (82), but it is unclear whether 

its use can decrease the need for ventilatory support during short-term management or 

reduce the risk of long-term complications. 

Other viruses, such as rhinovirus and coronavirus, are such common causes of 

infection that they have a high cumulative burden of morbidity and econanic losses. 

They may be associated with important canplications, including exacerbations of 

airways disease in those with chronic lung disease and bacterial infections of the 

ear and sinuses in previously normal patients. For these reasons, these infections 

are also appropriate targets for treatment. However, recent studies using intranasal 

interferon for treatment of natural colds have found no evidence of symptom~atic 

benefit canpared to placebo (83). An earlier study of intranasal enviroxime also 

found that it was ineffective in natural colds (84). 

DEVELOPMENTAL TESTING OF RESPIRATORY ANTIVIRAL AGENTS 

Types of Antiviral Agents 
The development of selective antiviral agents depends on identifying drugs 

which inhibit virus-specific events with no or minimal effects on host cell function. 

Neutralizing antibodies can interact with virus particles to prevent attachment. 

Agents which competitively bind to specific host receptor sites could also prevent 

virus attachment. For example, human rhinoviruses can be divided into a major group 

representing nearly 90% of serotypes that share a single type of host cell 

receptor (85) and a minor group which utilizes a different receptor. Monoclonal 

antibodies directed against the major human cell receptor sites are potent inhibitors 

of rhinovirus rep! ication ~ vitro (86). Intranasal administration of rhinovirus 

receptor monoclonal antibody has recently been shown to delay the onset of symptoms 

and virus shedding following experimental rhinovirus infection in man (87). 
Preventing penetration of virus into host cells and viral uncoating are also 

sites for selective inhibition of viral replication. Certain types of chemical 

compounds (chal cones , WIN 51711) appear to directly bind to the rhinovirus 

protein-shell and inhibit replication by essentially trapping the genome inside the 

virion particle (88,89). To be effective such antivirals must have pharmacological 

properties that allow direct interaction with the virus particle. The adamantane 

compounds (amantadine, rimantadine) may exert antiviral activity at the stage of 

uncoating of the viral genome although their exact mechanism of action is 

undetermined (90). 
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With the identification of specific viral enzymes it may be possible 
to develop antiviral agents which act preferentially on the enzyme or substrate (91). 
Synthetic peptides are being developed to c<Jl11>etitively inhibit the function of 
critical viral enzymes. For example, the amino acid sequence of the fusion activity 

region of the influenza HA has been identified and small peptides of the region have 
been synthesized with the hope of competitively inhibiting its activity. Similar 
fusion sequences have been synthesized from the parainfluenza F proteins (92). 

Glycoprotein biosynthesis can be inhibited by interfering with intracellular 
transport, proteolytic cleavage, or glycosylation of the protein (91). Cleavage of 

influenza HA is required for virus infectivity and is performed by host cell 
proteolytic enzymes. Certain protease inhibitors have been shown in animal models to 

reduce influenza virus titer and NA activity (93). 
Other potential sites for antiviral action include inhibition of viral nucleic 

acid transcription or translation. For example, ribavirin monophosphate inhibits 
inosine monophosphate dehydrogenase, an enzyme responsible for the synthesis of 

guanine necleotides (94). After conversion to the triphosphate, ribavirin inhibits 

steps in the capping and elongation of mRNA. The assembly and release of viruses 
from infected cells are additional possible targets for antiviral agents. 

An approach to more effective antiviral chemotherapy might be the use of 
combination therapy. By using two agents with different modes of action, an enhanced 

or synergistic antiviral effect can occasionally be achieved. Synergistic 

anti-rhinovirus activity has been demonstrated.i!l vitro when various interferons are 
combined with other anti-rhinoviral agents (95). Interferons also have a synergistic 
effect.i!l vitro in combination with rimantadine or ribavirin against influenza 

viruses (96) • .!.!l vitro and.i!l vivo animal model data indicate that combinations of 
ribavirin and amantadine or rimantadine also offer promise (97,98), but clinical 

trials have not yet been conducted. 
Preclinical Testing 

The obvious goal of research in antiviral chemotherapy is the development of 

agents which are both effective and safe when used in man. As for other antivira1s, 
efficacy and toxicity testing are performed initially in appropriate cell culture and 

animal model test systems. The relationships between inhibitory concentrations under 

in vitro conditions and achievable drug levels in blood or respiratory secretions 

have not been established for respiratory antivirals. This relates to both a lack of 
standardized in vitro test methods and an incomplete understanding of relevant 

pharmacokinetic parameters in man. Such correlations would be very useful in 
helping to select optimal dosing regimens. For influenza A viruses, a plaque 
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inhibition assay (99) found inhibitory concentrations of amantadine and rimantadine 
(0.2-0.4),1g/ml) that could be readily achieved in blood and respiratory secretions in 
man and appears to predict the therapeutic efficacy of these agents. For other 
compounds, like ribavirin which undergoes intracellular phosphorylation to its active 
form, correlations between concentrations of the parent drug active .!!!. vitro and 
achievable drug levels J!!. vivo are even less certain. 

The identification of a compound which has potent in vitro activity and little 
or no cell toxicity unfortunately does not guarantee similar effects in vivo. For 
example, enviroxime which has significant anti-rhinovirus activity in cell and 
organ culture had little effect on rhinovirus replication when administered 
intranasally (84), and oral administration was associated with unacceptable 
gastrointestinal side effects. Additionally, different serotypes of a certain virus 
may have differing susceptibilities to certain agents. Rhinovirus sensitivity to 
various interferons, for instance, has been shown to vary with serotype in certain 
cell culture systems (100). 

Adequate small animal models that reflect the virologic and clinicopathologic 
events seen in man do not exist for some human respiratory virus infections such as 
rhinovirus or coronavirus. A recently described mouse model of rhinovirus infection 
remains to be validated. Certain nonhuman primates have been used for antiviral 
testing (101), but maintaining these animals and wide-scale testing are very costly. 
The testing of certain antivirals, like interferons, is also limited by 
species-specific activity and toxiCity. Furthermore, considerable differences may 
exist in the pharmacology of drugs between different species of test animals and man. 
For example, amantadine metabolism and excretion differ markedly in rodents, other 
small animals, and man (102). Such observations highlight the difficulty in 
extrapolating the results of .!!!. vitro or animal model testing to practical 
applications of antivirals in man. 
Volunteer Testing 

Because of the limitations of available animal models and the uncomplicated 
course of most respiratory viral infections in adults, human volunteers 
experimentally challenged with one of the respiratory viruses are often used to 
determine drug efficacy under carefully controlled conditions. Subjects, whose 
susceptibility to infection is based on serum antibody titers, are inoculated with a 
quantity of virus known to cause infection and usually an associated illness. The 
study drug is evaluated in a double-blind, randomized comparison with an appropriate 
placebo given by the same route. By altering the time of initiating drug 
administration in relation to virus challenge, it is possible to assess prophylactic 
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and/or therapeutic activity. These models have also been used to address the 
questions of dose regimen and mode of drug administration. Human models of 
experimental rhinovirus, coronavirus, influenza A and B viruses, respiratory 
syncytial virus, and parainfluenza virus infections have been used in antiviral 
studies. 

Studies in these models of induced infection have correctly predicted the 
prophylactic efficacies of oral amantadine and rimantadine for influenza A virus and 
of intranasal interferons for rhinovirus and the theraputic activity of aerosolized 
ribavirin in RSV infections. In other circumstances the results observed in 
experimentally induced infections have not corresponded to observations from field 
studies of naturally occuring infections. Such discrepancies could relate to a 
number of factors, including the variable virologic and clinical course of both 
experimental and natural respiratory viral infections, differences in the 
pathogenesis of infection between the induced models and natural illness, and the 
relatively small sample sizes studied in volunteer trials. For example, these models 
usually employ intranasal administration of the virus, sometimes in high 
concentrations as for influenza viruses, whereas the site of acquisition, the 
infectious inoculum and duration of exposure may be different in natural conditions. 

Studies of drug toxicities and pharamacokinetics in uninfected volunteers, 
particularly members of target populations, can provide important data for selecting 
drug regimens. For example, a placebo-controlled trial of of the structurally 
related drugs, amantadine and rimantadine, found significant differences in toxicity 
that related to differences in pharmacokinetics (103). There is a need for long-term 

studies to evaluate cumulative toxicity and the effect of repeated use on efficacy 
for those agents which may be subject to frequent and repetitive usage. For 
interferons, the question of immunogenicity is important, as the production of 
secretory neutralizing antibody might reduce efficacy. 

Less controlled conditions occur when such studies are conducted in naturally 
occurring illness. One important new variable is determining the specific viral 
etiology of the subject's clinical syndrome. Other variables include the increased 
difficulty encountered in assessing compliance with the treatment regimen and the 
potential for unblinding of the study, either of which could bias study results. One 
study with vitamin e was flawed by the ability of study subjects to determine their 
treatment status (104,105). Ascorbic acid (vitamin e), which has been espoused for 
the prevention and treatment of the common cold, was found to have negligible 
effectiveness in controlled clinical trials (106-108). Similarly, a study claiming 
effectiveness for oral zinc lozenges in treating common cold symptoms (109) may have 
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been compromised by the lack of an appropriately blinded placebo (110). 
Pharmacokinetics and Drug Delivery 

The effective application of antiviral agents depends on the site of virus 
replication in the host. Knowing that rhinovirus replication occurs in the nasal 
mucosa, for example, enables targeting of anti-rhinoviral agents to this site. On 
the other hand, anti-influenza agents need to be distributed to the lower respiratory 
tract. Assessing the delivery of systemically administered antivirals to the 
respiratory tract mucosa has not been standardized. Direct measure of active drug 
concentrations in respiratory mucosal biopsies or scrapings may appear to offer the 
best assessment. However, in vitro studies with amantadine suggest that much 
intracellular drug, which is concentrated in lysosomes, is not biologically active 
and that concentrations in the extracellular medium are more predictive of antiviral 
activity (111). Consequently, measurements of drug that penetrates into respiratory 
secretions after systemic administration may be more predictive of activity in some 
instances. Such measurernents are complicated by the difficulty of obtaining 
appropriate respiratory secretions for analysis. Nasal washings have been used but 
introduce a variable dilution effect. A method for collection of induced nasal 
secretions that provides small volume samples of much higher concentration, as 
assessed by IgA measurements has been described (112). This technique was employed 
to demonstrate that after oral administration of equivalent dosages, rimantadine 
nasal secretion levels are Similar to those of amantadine and higher than those 
present in ~he plasma (113), observations which may in part explain its clinical 
effectiveness despite lower plasma levels than amantadine (103). 

In the case of topically applied antiviral agents, such as aerosolized ribavirin 
or intranasal interferon, the value of measuring nasal mucus or lower respiratory 
tract secretion levels is also uncertain. Collection of nasal secretions after 
intranasal application of a drug is confounded by the fact that drug is probably 
recovered from sites where it is not exerting an antiviral effect. Careful studies 
of the respiratory tract distribution, systemic absorption, and possible systemic 
effects of topically applied antivirals are important in the developrnent of such 
agents. A practical problem is possible interference with virus isolation, when 
residual drug is present in respiratory specimens. Although this has been reported 
not to be a problem associated with ribavirin (114), the addition of anti-interferon 
antibody to collection broth is necessary to increase the yield of rhinovirus in 
samples containing interferon (115). 
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SUMMARY 

Respi ratory vi ruses continue to be major causes of morbi dity and morta li ty. 
Several antiviral agents with clinical usefulness in respiratory viral infections are 

currently available, but more effective agents for treatment and prophylaxis are 
needed. As newer agents become available and indications expand for available 

ant i vi ra 1 s, physi cian and patient educat i 0'1 wi 11 be needed to foster thei r optimal 
utilization. Increased knowledge of the epidemiology of respiratory viruses, their 
mechanisms of translnission and disease production, and rapid diagnosis should allow 
deve 1 opment of effecti ve strategi es for thei r app 1 i cati on. Barri er-type methods of 

prevention, perhaps incorporating virucidal compounds, may prove useful in decreasing 
transmission of some respiratory viruses. Combinations of specific antiviral agents 

with drugs that provide symptomatic relief might provide the best means of treatment. 

Until effective methods for control are available for most respiratory viruses, 
medical considerations and economic incentives will continue to stimulate research on 

anti vi ra 1 therapy and cheilloprophyl axi s. 
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INTRODUCTION 

Gastointestinal infections are one of the leading causes of morbidity 

and mortality in infants and young animals, both in developing and in 

developed countries. It has been estimated that between 3-10 billion cases 

of diarrhea occur annually in humans, resulting either directly or 

indirectly in approximately 10 million deaths (1.2). The largest number 

of deaths occur in the age group of 6-12 months, although diarrhea is a 

major factor in the health of children up to 5 years of age. The causes of 

acute diarrhea are often multifactorial being determined by nutritional 

and environmental conditions. For example, significant malnutrition may 

lead to an increased severity and duration of diarrhea. In addition to 

the nutritional component, the level of contamination of the environment 

by specific organisms has a significant effect on both incidence and 

mortality rate of the resulting diarrhea (3). It is estimated that 

malnurished children in unhygienic situations have a fatality rate of 6 

deaths per 1000 cases of diarrhea presented for treatment (1). 

In the present review, we will briefly discuss the specific agents 

involved, the mechanisms of pathogenesis of enteric virus infections and 

the potential application of vacines and antiviral agents for the control 

of enteric viral infections. At tempts will be made to correlate the 

mechanisms of pathogenesis with the potential use of a specific antiviral 

agent under speci fie disease conditions. 

In addition to viral causes of acute gastroenteritis, other organisms 

such as bacteria and parasites can cause severe gastrointestinal 

infections. The incidence of diarrhea due to bacterial or parasitic 

gastrointestinal infections demonstrates geographic variability. For 

example, the incidence of enterotoxigenic ~ coli (ETEC) is very high in 

developing countries as opposed to developed countries (4). In this review 

we will not discuss agents other than viruses nor other noninfectious 

causes of diarrhea. 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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CAUSATIVE AGENTS 

During the past two decades, improvements in electron microscropic 

identification of microorganisms and diagnostic tests have greatly 

increased the efficiency with which viral agents can be identified in 

fecal samples of animals and humans (5). Although many episodes of 

nonbacterial diarrhea still remain undiagnosed with respect to the 

etiologic agent, a wide variety of different viruses have been 

incriminated as potent causative agents of nonbacterial gastroenteritis. 

A summary of the various viral agents that have been isolated and 

associated with acute viral gastroenteritis are listed in Table 1. 

The viruses which cause gastrointestinal infections can generally be 

divided into three groups. In the first group, replication is restricted 

to the gastrointestinal tract and the viruses induce disease as a direct 

result of their infection of intestinal cells. The agents in this group 

generally enter the host directly, via the oral cavity, into the 

gastrointestinal tract. The disease caused by these agents can be 

characterized by rapid onset (1-2 days) of acute diarrhea, abdominal 

cramps, nausea, vomiting and fever. It is this group of viruses that 

will be addressed predominantly in this review. 

The second group of viruses can enter the host via the oral cavity 

and replicate in the gastrointestinal tract, but do not remain localized, 

and generally do not cause acute gastrointestinal infections even though 

they are shed in the feces. These viruses often spread to other target 

organs such as lymphoid tissues or even to the central nervous system and 

cause systemic infections (6,7,8). Examples of this group of viruses 

include hepati tis A, coxsackie virus, polio, etc. The third group of 

viruses which infect the gastrointestinal tract do so indirectly. Their 

routes of entry are generally not oral and they reach the gastrointestinal 

tract via systemic spread, most often via the hematogenous route. 

Therefore, the gastrointestinal tract serves as a secondary target. In 

these instances gastrointestinal symptoms may occur but they are not the 

main clinical features. Examples of such infections are hepatitis Band 

cytomegalovirus (9,10). 

At least nine different virus families can cause infections of the 

gastrointestinal tract and induce some degree of intestinal damage and 

diarrhea under appropriate conditions. As is evidenced from Table 1, 

these viruses fall into a wide variety of different families including RNA 
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and DNA viruses. Until recently it was felt that the viruses that cause 

direct infection of the gastrointestinal needed to be acid-stable and 

TABLE 1 - SUMMARY OF SOME VIRAL AGENTS CAPABLE OF CAUSING 

GASTROINTESTINAL INFECTIONS IN HUMANS AND ANIMALSl 

Biochemical/Biophysical 
Human/Animal 2 Family Properties 

Picornaviridae 27-32nm 
- entero Icosahedral (naked) +/+ 

ss. RNA 

Reoviridae 80nm 
- reo Icosahedral (naked) +/+ 
- rota ds RNA 

Astroviridae 28nm 
Icosahedral (naked) +/+ 
ss RNA 

Caliciviridae 30nm 
Icosahedral (naked) +/+ 
ss RNA 

Coronaviridae 7S-1S0nm 
Helical (enveloped) +/+ 
ss RNA 

Toroviridae 110-140nm 
- Breda Helical (enveloped) ?/+ 
- Berne ss RNA 

Norwalk 23-34nm 
Icosahedral (naked) +/-
ss RNA 

Adenoviridae 70nm 
Icosahedral (naked) +/? 
ss DNA 

Parvoviridae 30nm 
Icosahedral (naked) ?/+ 
ds DNA 

1 All viruses listed here enter via the oral route and cause local 
infections of the gastrointestinal tract. Virus is shed in feces and acts 
as a source of environmental contamination. 
2 + indicates definite role in acute gastrointestinal infections; 
? limited information prevents definite inclusion or exclusion as true 
gastrointestinal agents; - no involvement known at present. 
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non-enveloped so as to reach the intestine after an encounter with harsh 

gastric acids and duodenal bile salts. However, the recent identification 

of coronaviruses and Breda/Berne viruses which are enveloped clearly 

indicates that some enveloped viruses do have the capacity to withstand 

the environmental conditions in route to the gastrointestinal tract where 

infection will occur (11,12,11,14,15). 

The diversity of biochemical and biophysical properties of enteric 

viruses and different mechanims of viral replication makes the 

identification of a single antiviral agent to control the majority of 

gastrointestinal viral infections remote. Thus, it appears that a 

concerted effort will have to be made to develop a large number of 

chemotherapeutic agents, each directed towards a specific virus. 

Furthermore, since enteric viral infections are localized, the incubation 

period is short and the infection is almost always self limiting,it 

becomes imperative that antiviral drugs be used in a prophylactic rather 

than in a therapeutic mode. 

Another problem associated with antiviral chemotherapy is the 

inability to always predict the time when a specific infection will occur. 

Although epidemiological surveys have aided in elucidating this problem, 

more studies are needed before accurate predictions can be made. For 

example, in the case of rotavirus infections, there is generally a peak of 

activity in winter months in temperate climates (16). However, in tropical 

countries, the pattern of rotaviral infections may vary depending on the 

country and various climatic conditions (17). In other instances, such as 

with Norwalk virus there does not appear to be any seasonal variation in 

disease incidence (18). 

PATHOPHYSIOLOGY OF ENTERIC VIRUS INFECTIONS 

In most virus infections of the gastrointestinal tract, regardless of 

whether the virus has a predelection for the epithelial cells at the tip 

of the villi or in the crypts, there is severe shortening and occasionally 

fusion of adj acent villi, resulting in reduced adsorptive surface of the 

intestine (19,20). Following infection of the epithelial cells at the tips 

of the viII i, the mature adsorptive cells are replaced with immature 

squamous to cubiodal epithelial cells. Until these cells mature, their 

absorptive capacity and enzymatic activity is greatly reduced. Since 

these immature cells also appear to be relatively resistant to virus 
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infection, the disease is often self-limiting if dehydration is not so 

significant as to cause hospitalization or death. In virus infections 

where the crypt cells are not damaged, the rate of recovery is generally 

rapid. However, in those viral infections where the crypt cells are 

infected, there is also shortening of villi, but since there are a limited 

number of new cells available to migrate up the villi, recovery generally 

takes longer. As more knowledge is gained regard ing the virulence and 

pathogenesis of various gastrointestinal viruses, it is becoming evident 

that the virulence of the virus will determine the extent of replication 

within the gastrointestinal tract. Thus, the less virulent viruses may 

still kill and cause shortening of villi in localized areas, but the 

viruses are generally restricted to a very small portion of the 

gastrointestinal tract. Those viruses which are much more virulent appear 

to have a greater capability of infecting a larger number of cells 

throughout the gastrointestinal tract, i.e. they are not localized. Thus, 

an avirulent or mild virus may only infect a certain portion of the 

j ej unum, whereas a more virulent strain of the same virus may infect the 

j ej unum, illeum and even cells of the colon. Since glucose and sodium 

adsorption are highest in the proximal and middle part of the j ej unum, 

damage here will cause most severe diarrhea. Therefore, the extent of 

diarrhea will be correlated with the site at which the virus infection 

occurs. Table 2 illustrates the sites of replication of some of the 

enteric viruses. Coinfection with virus that replicate in different areas 

can occur and these mixed infections are often more severe than single 

infections due to increased intestinal damage. Mixed infections and more 

common in animals than they are in humans (21). 

Tn most animal species, viral diarrhea is characterized by profuse 

watery stools containing increased concentrations of sodium, potassium and 

chloride. The direct destruction of adsorptive epithelial cells and 

al teration of microvilli leads to diminished glucose, sodium carrier and 

Na+, K+-ATPase activity. This results in loss of sodium, potassium, 

chloride, bicarbonate and water. As the virus kills absorpt lve cells, 

there is also a loss of enzymes responsible for digestion of 

disaccharides. These disaccharides, especially lactose, are osmoticaly 

active and cause an influx of fluid into the gut lumen. The loss of 

bicarbonate leads to development of acidosis. Acidosis can further create 

a K+ -H+ ion exchange across a cell membrane and inhibits cellular 
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functions required for maintaining normal potassium concentrations with a 

net loss of potassium from cells. As a result, hypoglycemia occurs, 

glucose adsorption is impaired which further results in drastic reduction 

of Na+ adsorption since it is glucose dependent. This series of complex 

pathophysiological changes, if not promptly corrected, may result in the 

death of the individual. Fortunately, in many cases, the extent of these 

pathophysiological changes is not sufficient to require hospitalization. 

TABLE 2 - SITE OF REPLICATION OF SOME ENTERITIS VIRUSES 

Virus Horizontal 

Rota Enterocytes, villus tip 

Corona Enterocytes, top half 

Breda/Berne Mid villus, crypts 

Astro 

Calie! ? 

Parvo Crypts, lymphoid 

Adeno Enterocytes 

Reo ? 

Entero ? 

Longitudinal 

Small intestine 

Small and large 
intestine, colon 

Small intestine, colon 

? 

Small and large intestine 

Small 

? 

? Insufficient data available for definitive statements to be made. 

Effective management of diarrhea requires prompt action to prevent 

continued loss of fluids and electrolyes. In animals, this is most 

economically achieved by removal of milk from the diet. This reduces the 

amount of undigested lac tose in the lumen and, therefore, reduces fluid 

loss and acidosis. Therapy should include administration of balanced 

electrolyte solutions either orally or by the intravenous route. The use of 

intravenous fluid replacement and careful monitoring of animals could save 

a large percentage of severely affected animals; however, the costs are 

generally too high to recommend this as a standard procedure. In humans, 

the generalized introduction of oral rehydration therapy has greatly 

reduced mortality in infants. Antidiarrheal drugs, which reduce gut 

motility should not be used in viral gastroenteritis. 
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CONTROL OF GASTROINTESTINAL INFECTIONS 

Numerous studies have demonstrated that protection must be directed 

at preventing the initial infection of the intestinal epithelial cells 

(22,23). Thus, regardless of whether antiviral agents or vaccines are 

used to induce protection from gastrointestinal viruses, protec tion must 

be directed at the intestinal epithelial cells. As a result, systemic 

application of drugs or vaccines may not always be efficacious. In this 

section, we will attempt to address control by vaccination, as well as, 

the potential for using antiviral drugs to limit viral infection of the 

intestine. 

Vaccination. 

The presence of antibody in the lumen of the small intestine, which 

can neutralize the virus before infection is initiated is at present the 

most effective means of preventing diarrhea (24,25). Unlike humans, most 

animals do not transfer antibodies across the placenta. Since animals 

generally suffer the most. severe diarrhea in the first few weeks of life, 

the most effective method of preventing diarrhea is to hyperimmunize the 

mothers so that they secrete high levels of antibody in their milk during 

the neonate's susceptible period. The first convincing evidence that such 

an approach could work was demonstrated by the practice of feeding 

Transmissible gastroenteritis virus (TGEV) infected intestines to sows 

approximately one month prior to farrowing (26). The sows experience a 

mild subclinical infection and secreted sufficient levels of secretory IgA 

antibody in their milk to protect their piglets. Since there is a common 

immune system between the gut associated lymphoid tissue and the mammary 

gland, such intestinal immuni zation is very effec tive in pigs. However, 

this approach maintains virulent viruses in the environment, so recent 

work has employed attenuated TGEV given either intranasally or orally. 

Such vaccines have been only moderately successful since they do not 

replicate to sufficient levels within the sows to induce high levels of 

immunity and protection. Similar approaches have been used in other 

species including cattle to induce high levels of protection in milk (24). 

The requirement for local immunity has created an interest in 

generating active immunity in the neonate or newborn before infection 

occurs. This is especially attractive in humans where the incidence of 

most cases of diarrhea does not occur until six months of age. It is also 
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pertinent in rotavirus infections where it appears that although infection 

of neonates can occur, a very high percentage of these neonates are 

asymptomatic shedders (27). As individuals increase in age, the 

percentage of asymptomatic carriers decreases and the clinical form of the 

disease is manifested. Although it is not known why children become more 

susceptible to rotavirus infections as they increase in age between 6 to 

24 months of age versus neonates, it has been postulated that there may be 

age-related changes in the ability of the epithelial cells of the 

intestine to bind virus. This is in direct contrast to that seen in most 

other species where the cells appear to be extremely susceptible in the 

very young, and after a few weeks or months, animals become more resistant 

to infections (28). 

The need for providing local immunity dictates that virus vaccines be 

administered orally and induce a local immune response. This can be 

achieved by using 1) live attenuated or naturally avirulent strains, 2) 

live attenuated heterologous strains, 3) attenuated genetically altered 

strains, or hyrid viruses, 4) live bacterial vectors capable of colonizing 

the intestine and contain the appropriate viral antigens, 5) purified 

viral antigens or synthetic peptides coated for appropriate delivery to 

the intestine. At present all of these various approaches are being tried 

with varied success. 

One of the greatest impediments to using live virus vaccines for 

gastrointestinal diseases is that it is very difficult to culture most of 

these agents in vitro to titers that will provide sufficient quantities of 

antigen for economical vaccine production. Although there is a tremendous 

amount of interest in developing effective vaccines against 

gastrointestinal virus infections, the trials are only now beginning and 

it is too early to confirm their potential efficacy. However, we are 

optimistic that with the potential tools at our disposal the problems will 

be overcome and it will be possible to produce a variety of effective 

vaccines against the maj ority of important gastrointestinal viral 

infections. 

Anti-viral chemotherapy. 

At present a large number of compounds have been identified with 

potential anti-viral activity in vitro. Although few of these compounds 

have either been tested or proven to be effective in vivo against viruses 
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which cause gastrointestinal irrfections> the important advances made in 

this area over the last decade warrarrt serious consideration for the 

potential application of some of these drugs to the control of infections 

of the gastrointestinal tract. In this section we will discuss the 

potential sites of activity of a selected number of the drugs and 

speculate as to their applications in gastrointestinal tract infections. 

In addition, the limitations of using antiviral drugs in these infections 

will be addresse<i. The problems of delivery and maintenance of drugs at 

the site of infection so as to prevent initiation of infection 

(prophylaxis) rather than therapy will be emphasized. 

In gastrointestinal tract infections as in other viral infections, 

the targets of antiviral drugs must be at sites that are unique to the 

virus and not have any physiological effects on the specific cells of the 

gastrointestinal tract. As is the case in other virus infections the 

antiviral drugs must be directed at various stages of virus replication 

cycle such as virus attachment, penetration, uncoating, macromolecular 

synthesis, viral maturat ion and assembly. Regardless to which stage of 

virus replicatiorr the anti viral drug is targeted, the maj or problem with 

using antiviral drugs in controlling viral induced gastrointestinal 

infections is the rapidity with which diarrhea occurs following the 

initial infection. Secondly, in many cases, diarrhea is often self 

limiting; thereby dictating that antiviral drugs must be used in a 

prophylactic rather than a therapeutic mode. Thus, prevention of viral 

activity at the early stages of infection appears to be the most promising 

but also creates the most problems regarding delivery and maintenance of 

the antiviral drug within the gastrointestinal tract for considerable 

periods of time. 

Inhibitors of viral attachment are not frequently considered to be 

the major targets of viral replication, yet in many cases this is the 

mechanism whereby antibody neutralizes virus. If initial attachment could 

be prevented this could potentially be one of the best approaches for 

limiting gastrointestinal infections. This is especially important where 

onset of disease is extremely rapid. Recently there has been a 

considerable amount of activity in the area of identification of specific 

viral receptors on host cells (29). Once these specific receptors are 

identified it may be possible to either develop compounds or specific 

synthetic peptides which are capable of interfering with viral cellular 
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interactions at the receptor level. The advent of anti-idiotypic 

antibodies to identify receptors for specific viruses will be extremely 

useful in this regard (30). However one difficulty with developing a 

specific anti-receptor approach is that there are many different viruses 

which can cause gastrointestinal infections (Table 1). As a result, at 

present it appears that one would require a specific receptor blocking 

compound or peptide for each different virus. 

economical to produce remains to be determined. 

Whether this would be 

Nevertheless it appears 

useful to continue the search for such compounds which may have broad 

antiviral activity. 

such activity (31). 

Some compounds have recently been identi fied with 

Recently, purified bovine lecithin was shown to inhibit in vitro 

replication of a number of viruses including rotavirus (32). Although 

there was speculation as to the mechanisms of action, no definitive proof 

was given. The results do however suggest that inhibition is at the level 

of viral receptor cell interactions. Since this is a natural product, and 

is non-toxic, it provides a possible useful approach to antiviral 

chemotherapy at the early stages of infections. 

The step which occurs either simultaneously or immediately after 

attachment of viruses is viral penetration. Once again, neutralizing 

antibody plays a major role in preventing viral infectivity and 

replication at this stage. Thus this stage of virus replication is also 

attractive as a site for targeting antiviral drugs. Examples of such 

compounds .include protease inhibitors which prevent cleavage of important 

glycoproteins which are required for viral penetration and virus-cell 

fusion (33,34). Although at present these examples are mainly l.imited to 

respiratory virus infections such as paramyxovirus and respiratory 

syncytial virus, similar approaches may be possible for some of the viruses 

which cause gastrointestinal infection. For example, it is well known 

that proteolytic cleavage of the 84K protein of rotavirus is essential for 

infectivity (35). Although it is thought that cleavage is not required 

for viral attachment, it is required for efficient penetration and 

uncoating (36). Whether additional protease inhibitors present in the 

intestine of animals and human beings would have deleterious effects on 

the physiological functions of the gastrointestinal tract remains to be 

determined. 
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An extension of the observation that proteolytic cleavage is required 

to provide active sites for initiation of infectivity, resulted in the 

synthesis of active oligopeptides with antiviral activity for measles and 

influenza virus (37). The fact that these oligopeptides are not toxic to 

cells provides an exciting approach to antiviral therapy in the 

gastrointestinal tract. However, studies in animals are required to 

evaluate the usefulness of such an approach to chemotherapy of viral 

infections of the gastrointestinal tract. Although the oligopeptides are 

non-toxic, in many cases they may act on the target cell membrane and 

consequently alter the physiological functions of the cell disrupting 

their activity and therefore themselves lead to diarrhea. The fact that 

the epitilial cells of the intestine turn over rapidly dictates that all 

of the newly susceptible cells continue to be exposed to the oligopeptide 

to remain refractory to virus infection. Because these oligopeptides are 

cleaved by the same enzymes that act upon the vi.ruses;. high doses are 

required to prevent virus cleavage. However, the synthesis of 

non-cleavable analogs of these peptides may reduce the required dose. 

Whether this will be economically feasible in diseases where it is not 

possible to predict the exact timing of infections remains to be 

determined. 

Recently aromatic mono- and diamidines with antiviral activity have 

been identified (38). Althought the mechanism of activity is unknown they 

appear to act by inhibiting arginine- specific esterproteases and thereby 

preventing virus envelope-cell membrance fusion and entry (39). Monensin, 

a carboxylic ionophore, in addition to inhibiting viral glycoprotein 

processing, also inhibits penetration of viruses into cells (40). The fact 

that this compound is already used in cattle as a feed additive and an 

antiparasi.tic agent suggests that oral administration of it or similar 

derivatives may also have antiviral activity. 

Other compounds that interfere with the uncoating of both envelope 

and naked viruses have been identified. The most effective compounds 

would be those that inhibit a broad spectrum of viruses, including DNA and 

RNA viruses as well as enveloped and naked viruses. One example of a 

series of compounds with potential as broad spectrum antiviral agents is 

4-[6-(2-chloro-4-methoxyphenoxy)hexyl]-3, S-heptanedione (arildone) (41). 

To date this compound has proven effective against some viruses which 

enter via the gastrointestinal tract such as polio and coxsackie virus as 
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well as systemic viruses including herpes simplex and vesicular 

stomatitis. These compounds are effective both in vitro and in vivo 

(42,43). The fact that different derivatives of arildone can be 

synthesized with variable solubility and viral activity makes them 

attractive as broad-spectrum drugs. Many of the drugs described in the 

preceding section need not enter cells to e'tert their antiviral effect. 

Thus most of their effects are at the surface of cells therefore there is 

no need to worry about systemic absorption from the gastrointestinal 

tract. 

The drugs that will be described in the follOwing section inhibit 

virus infections after entry of the virus into the cell and therefore must 

actively enter the cell and act at intracellular sites of virus 

replication. We wUl not attempt to make an e'thaustive list of all the 

drugs and all the viruses which can be inhibited by these drugs nor will 

we discuss all the different mechanisms by which each drug acts. In this 

section we will address classes of antiviral drugs that may have a 

potential in gastrointestinal infections. 

Nucleoside analogs are one of the earliest antiviral drugs identified 

and such drugs continue to show promise for herpes viruses specifically, 

but newer analogs are showing activity against a wide variety of virus 

infections. Thus purine nucleosides such as 2-Amino-2'deoxy-9-~-D-ribo

furanosyladenine, (~)-9-(2,3-Dihydroxyprophyl) adenine [(S)-DHPAj, and 

(~)-9-(3-hydroxy-2-phosphonylmethoxyprophyl) adenine [S-HPMPAj have much 

broader antiviral activity than do the original ara-A derivatives whose 

activity was mainly restricted to herpes viruses. (44,45,46). Although 

the exact mechanism of action of these newer analogs is not fully 

understood the observation that they are active against both RNA viruses 

and DNA viruses (45,46) indicates their broad spectrum of activity. 

Specifically these drugs have been shown to be active against a number of 

adenovirus serotypes which cause infections of the respiratory tract. 

However, they have not yet been shown to be active against the human 

enteric adenoviruses nor have they been shown to be active against other 

enteric viruses such as coronavirus, astroviruses, etc.. If these drugs 

are found to be effective against these enteric viruses, the fact that 

they are active when given orally suggests that they should have potential 

as antiviral agents in vivo (46). 
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At present most oE the pyrimidine nucleosides like the purine 

nucleosides are active 'lgainst herpes viruses. However, drugs such as 

(lR)-(lo.:. , 2;3, 3;5 ,4<><. )-1(2,3-Dihydroxy-4-hydroxymethyl cyclopentyl) 

cytosine (carbodine) do have limited activity in vitro against influenza 

virus infections (47). Unfortunately in vivo activity has not been 

demonstrated to date. Whether other derivatives can be found that are 

active in vivo against a wider variety of viruses remains to be 

determined. The nucleoside ribavirin and its derivatives have been shown 

to have a broad spectrum al1tiviral activity (48,49). Once again in the 

majority of cases these drugs have been used systemically. Whether 

systemic administration will be affective in transfering antiviral states 

to the cells of the intestine remains to be determined. Furthermore, 

whether these drugs will be active if given orally also remains to be 

determined. The fact that they are active locally when given for 

respiratory infections indicates that some of these drugs may be effective 

if given by the oral route. This is further substantiated by the 

observation that ribavirin was at least partially active in vivo against 

rotavirus infections (50). Selenazole, (2fi-D-Ribofuranosyl selenazole-4 

-carboKamide) an analog of ribavirin, appears superior to the parent 

compound both with respect to its antiviral activity as well as the 

maintenance of the antiviral state after the drugs is removed (51). 

Development of these types of drugs with sustained antiviral activity will 

ensure the antiviral state in the intestine between treatments. However, 

it must be indicated that drugs would probably still have to be given 

daily or every second day so that the new cells that are being 

continuously generated in the intestine continue to exhibit antiviral 

activity. 

So far we have discussed antiviral drugs whose activity was mainly 

directed at DNA viruses but had some activity against RNA viruses. There 

are some drugs with in vitro activity against various RNA viruses but are 

inactive against DNA viruses. One example of such a compound is sodium-5 

aminosulfonyl-2, 4-dichlorobenzoate (52). This compound is active against 

influenza, parainfluenza, respiratory syncytial, vesicular stomatitis, 

echo and rhinoviruses. Furthermore this drug has been shown to be active 

when given orally. The fact that this drug is tolerated at very high 

doses and has a very high therapeutic index indicates its potential for 

application in young infants and animals. Whether it will be active 
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against the majority or at least the most serious gastrointestinal 

infection remains to be determined. 

Inhibitors of viral maturation and assembly are also potential sites 

for directing antiviral chemotherapy. Thus in many cases viral specific 

processes associated with viral morphogenesis or maturation of specific 

proteins or polypeptides requires proteolytic cleavage of the precursor 

proteins to produce mature viral products. If the specific cleavage 

reactions are mediated by virus-coded proteases it is possible to direct 

antiviral compounds to these specific targets. Interference with these 

specific steps of viral replication should generally affect the formation 

of and release of infectious particles. Examples of such compounds 

include carbobenzoxyl leucylchloromethyl ketone, which inhibits cleavage 

of picornavirus precursor proteins without affecting cellular protein 

synthesis (53). 2-Amino-5 (2 '-sulfamoylphenyl)-l,3,4-thiadiazole has been 

shown to act directly on viral structural proteins and prevent their 

assembly into virus particles of a variety of different RNA and DNA 

viruses (54). Although the mechanism of this inhibition remains unknown, 

studies on the effect of modifying various components of this molecule 

indicates that alterations in the activity against different viruses are 

possible. Thus it is possible as we learn more about the mechanisms of 

action of these speCific drugs as well as the assembly and maturation of 

different virus infections it may be possible to engineer analogs of this 

compound which have the desired specific antiviral effect. In the case of 

rotaviruses, calcium is very important for stabilizing the virus and 

allowing infectious virus particle production. The growth of rotavirus in 

calcium-free media dramatically reduces virus infectivity (54a). Recent in 

vitro studies clearly indicate that chelators of calcium can dramatically 

reduce virus infectivity and replication in vivo as well as in vitro. 

Unfortunately, calcium chelators in the intestine have profound 

physiological effects which result in diarrhea (Ij az, M. K. unpublished 

results). Thus, this approach does not appear at the present time to be 

feasible in controlling rotavirus infections. 

One of the earliest antiviral mechanisms that the body has available 

for directly inhibiting virus replication is interferon. This compound 

was discovered in 1957 by Isaacs and Lindenmann (55) and interest has 

continued to be generated both in the direct application of interferon as 

an antiviral agent as well as induction of the bodies' own interferon 
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system to develop an antiviral state. Since gastrointestinal virus 

infections are caused by a wide variety of viral agents the broad spectrum 

antiviral effects of interferon is very attractive for control of virus 

infections of the gastrointestinal tract. Another advantage of using 

interferon or interferon inducers as an antiviral compound is that 

interferons are generally considered to be most effective as prophylactic 

rather than therapeutic aids in infections. Since it is postulated that 

antiviral drugs in gastrointestinal infections will be applied 

prophylactically rather than therapeuticallY,this makes interferon a very 

attractive choice. One possible disadvantage of using interferon inducers 

is the possible induction of hyporesponsiveness after repeated treatment 

(56). As we learn more about the hypo reactive state and the mechanisms 

whereby various inducers stimulate interferon production it may be 

possible to overcome this hyporesponsive state. It is possible also to 

administer other compounds in combination with interferon inducers to 

reduce the hyporesponsive state and maybe even in some cases reduce the 

unwanted side effects of the interferon inducers (57). Polyinosinic: 

polycytidylic acid, [poly (I'C)], one of the initial synthetic inducers of 

interferon,was shown to be rapidly degraded by nucleases and generally had 

poor tolerability in animals. The tolerability was improved by altering 

the structural composition of poly I'C but maintaining the interferon 

inducing activity (58). Administration of poly I'C probably will require 

further modifications to increase the stability and prevent nuclease 

degradation of the compounds before they are active in vivo. Thus) 

although interferon inducers have some potential, they have not yet proven 

to be very effective. 

The advent of recombinant DNA technology and availability of 

different cloned human and animal interferons may provide an effective 

economical method for future control of enteric infections of viral 

etiology. Recent studies have clearly indicated that animal interferons 

are capable of reducing gastrointestinal virus infections (59). However, 

before interferons can be employed routinely in the control of 

gastrointestinal infections, methods will have to be implemented to 

maintain these substances in the intestine for the duration of time that 

the animals are susceptible to the virus. Another impediment that will 

need to be overcome is the delivery of interferon to the cells of the 

gastrointestinal tract. Oral delivery creates problems due to the 
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tremendous numbers and amounts of proteases that are present in the 

gastrointestinal tract. Since interferon is rapidly degraded by 

gastrointestinal proteases, methods of delivery and targeting of 

interferon will need to be developed to transport the compound to the 

target site and maintain sufficient levels of interferon in the intestine 

for a sufficient length of time to develop and maintain the antiviral 

state. Some of the methods developed for targeting interferon can also be 

very useful for targeting other antiviral drugs and viruses discussed in 

the preceding section. The development of enterocoating methods for oral 

delivery of these compounds will be a tremendous benefit to the oral 

delivery of specific antiviral drugs. 

Combination chemotherapy has proven to be an effective means of 

dealing with drug toxicitiy and problems of drug resistance in both 

anti-microbial and cancer chemotherapy (60,61). Recent studies involving 

combination chemotherapy of viral infections clearly indicate that in some 

in~tances the use of two drugs, whose mechanism of action differs, greatly 

increases their efficacy (62,63). This approach has not been tried in 

gastrointestinal viral infections to date. In addition to acting 

synergistically some drugs can be antagonistic (63). Therefore, drug 

combinations will have to be selected judiciously. 

SUMMARY 

Presently there are a variety of antiviral drugs which have activity 

against a wide range of viruses whose mechanisms of replication are 

different. However few studies have focused on the application of 

antivlral drugs to specifically controlling gastrointestinal infections. 

The maj ority of effort in this area has been directed at controlling 

herpes virus infections with a considerable amount of success. It is 

anticipated that control of gastrointestinal infections by antiviral drugs 

will present a much greater challenge to molecular biologists and 

pharmacologists due to the variety of viral causative agents and the need 

to use them prophylactically rather than therapeutically. However, with 

the recent progress in molecular biology the identification of specific 

virus cell interactions, and identification of specific viral stages in 

replication within a cell should clearly provide important information 

required to develop broad - spectrum and selective antiviral drugs for 

specific viruses or virus groups. The combined activities of molecular 
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virologists and pharmacologists to identify the modes of action of a 

number of the known antiviral compounds and their analogs should greatly 

enhance our ability to specifically synthesize more effective antiviral 

chemotherapeutic drugs. 

Finally, new methods of drug delivery and/or drug targeting to 

improve potency and selectivity of antiviral compounds should greatly 

enhance the therapeutic index of a number of these drugs. In the case of 

gastrointestinal infections one of the major impediments will be to direct 

the drug to the epithelial cells and maintain the drug there for a 

considerable length of time to ensure the antiviral state is present at 

the time virus infection occurs. Whether this will be possible in cases 

where gastrointestinal infections can occur over a long period of time 

remains to be determined. Thus it will be important to be able to predict 

spec.ific epidemics of gastrointestinal infection using more rapid 

diagnostic techniques and treat contacts of individuals suffering from 

these infections so as to greatly reduce the spread of virus infections 

within the community or hospital environment. 

One of the best places for application of antiviral drugs may be in 

children as they enter hospitals for reasons other than gastrointestinal 

infections. In these situations it is possible to predict that 

gastrointestinal nosocomial infections will occur within a few days of 

hospitalization. Elimination of this added stress would increase the 

child's rate of recovery. Another application may be in day-care centers 

where contact with other children shedding gastrointestinal viruses occurs 

frequently. 
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ABSTRACT 

Every step in the life cycle of pathogenic human retroviruses could theo

retically serve as a target for antiviral therapy. In particular. the process 

of reverse transcription appears to be an attractive target. A number of drugs 

and pharmacologic principles relevant to the administration of such drugs have 

been identified for application in the therapy of diseases mediated by patho

genic human retroviruses. One family of such drugs (2' .3'-dideoxynucleoside 

analogues) shows special promise. These drugs are now being administered to 

patients with AIDS and its related disorders. 

INTRODUCTION 

The treatment of pathogenic human retroviral infections is a formidable 

challenge. The challenge has taken on a new urgency since the advent of the 

acquired immunodeficiency syndrome (AIDS). which has become a major public 

health problem after its recognition as a new clinical entity in 1981 (1-3). 

This disease is caused by the third known human T-lymphotropic virus (HTLV

III) (4) which replicates within critical cells of the immune system (parti

cularly T cells and macrophages). leading to loss of CD4+ (helper-inducer) T 

cells and profound immunosuppression (5-8). This retrovirus has several other 

names including lymphadenopathy associated virus (LAV) (9) and AIDS-related 

virus (ARV) (10). It has recently been proposed by the human retroviral sub

committee of the International Committee on the Taxonomy of Viruses that the 

retrovirus which causes AIDS be called human immunodeficiency virus (HIV) 

(11). and in the future this could become the general designation for this ca

tegory of retroviruses. 
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There have now been over 30,000 cases of AIDS reported in the United Sta

tes, and the disease occurs throughout the world. It t.as become evident that 

there may be a long prodromal period before the development of fulminant AIDS 

(12,13). Over one million people in the USA are now infected with liTLV-III/LAV 

and this number is likely to increase. Perhaps 30 % or more of infected per

sons may develop AIDS in a 3 to 5 year period of time (14), so that even if 

the spread of HTLV-III/LAV infection slows down, the number of cases of AIDS 

is expected to continue to increase. 

While AIDS is an exceedingly important priority in its own right, what we 

learn about treating the retrovirus which causes AIDS could have broad impli

cations for other medical and veterinary illnesses. 

RATIONALE FOR THE USE OF ANTIVIRAL THERAPY IN AIDS 

The formal proof by Gallo and his co-workers in 1984 that HTLV-III!LAV 

was the causative agent of AIDS (4) permitted for the first time the conside

ration of specific antiretroviral therapy and, in partcular, made it possible 

to develop therapies aimed at inhibiting the replication of the retrovirus 

which causes this disorder. It is worth noting that antiretroviral therapy for 

the treatment of AIDS is based on the assumption that continued retroviral re

plication is involved in both the pathogenesis and progression of this di

sease. As we shall discuss, this assumption appears to be valid. In regard to 

the immunodeficiency, the depletion of CD4+ T cells can be mediated directly 

by HTLV-III/LAV infection of these cells (5,15) although it is possible that 

indirect mechanisms such as autoimmune reactions or the production of toxic 

lymphokines may also playa role (16). If the irrmune system of these patients 

retains some regenerative potential (either alone or with the addition of im

munoreconstitutive therapy [17J), then inhibition of HTLV-IlI/LAV replication 

in a patient may permit some immune restoration to occur or, at the minimum, 

prevent further clinical deterioration, thereby prolonging survival. 

Antiretroviral therapy may also address other disease manifestations of 

HTLV-Ill/LAV infection. Since the first observation that the brain is an im

portant site of liTLV-III/LAV replication (18), there has been a growing recog

nition that serious neurologic dysfunction, ranging from peripheral neuropathy 

to profound dementia, may be caused by this virus (19-21). While it is still 

not known precisely how HTLV-III/LAV enters the nervous system (one likely me

chanism is that it is transported there by infected macrophages [71) or how it 

induces neurologic damage, it is clear that successful therapeutic strategies 
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must somehow address the consequences of viral replication within the nervous 

system. As we will discuss later, improvements in the neurologic disease cau

sed by HTLV-III/LAV are within the reach of the antiretroviral chemotherapy 

now being used. 

STAGES IN THE LIFE CYCLE OF HTLV-Ill/LAV THAT MAY BE TARGETS FOR ANTIVIRAL 

AGENTS 

Before turning our attention to a discussion of certain recent practical 

clinical developments in the antiretroviral therapy of AIDS, it is perhaps 

worthwhile to review briefly the replicative cycle of HTLV-III/LAV and consi

der how specific stages of viral replication might be targets for therapeutic 

strategies (Table 1). As noted above, HTLV-III/LAV belongs to a family of RNA 

viruses known as retroviruses. By definition, such viruses must replicate 

through a DNA intermediate (i.e., at one step in their cycle of replication, 

gel1etic information flows from RNA to DNA, thus in the "retro" direction) (22, 

23). ~wny members of this family of viruses can induce neoplastic transforma

tion in infected cells, and the terms "RNA tumor virus" or "leuk.emia virus" 

have often been used to describe these viruses. HTLV-III/LAV, however, has not 

been shown to be transforming E!! se although it is clearly linked to the cau

sation of certain cancers through its ability to induce immunosuppression, and 

Table 1. Stages in the replicative cycle of a pathogenic human retrovirus 
which may be targets for therapeutic intervention 

Stage Potential intervention 

Binding to target cell 

Early entry into target cell 

Transcription of RNA to DNA by 
reverse trallscriptase 

Degradation of viral RNA of an 
RNA-DNA hybrici 

Integration of DNA into host genome 

Expression of viral genes 

Viral component production and 
assembly 

Budding of virus 

Antibodies to the virus or cell receptor 

Drugs that block fusion or interfere 
with retroviral uncoating 

Reverse transcriptase inhibitors 

Inhibitors of RNase H activity 

Drugs which inhibit £2! gene-mediated 
"integrase" function 

"Anti-sense" constructs; inhibitors of 
tat-III protein or art/trs protein 

Myristylation, glycosylation and 
protease inhibitors or modifiers 

Interferons 
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this provides a powerful reminder of the relationship between abnormalities in 

the immune system and neoplasms (24). It is also worth stressing that HTLV

III/LAV is more complex than previously characterized retroviruses and has at 

least 8 genes. 

The first step in the infection of a target cell by HTLV-III/LAV is its 

binding to the cell surface; in the case of helper-inducer T cells, the bin

ding receptor is believed to be linked to the CD4 antigen (25,26). There is 

recent evidence that this binding between HTLV-III/LAV envelope glycoprotein 

and the CD4 antigen may play a major role in virally-·induced T cell lysis 

through syncytia formation (27,28). This binding might possibly be blocked by 

antibodies either to the viral envelope glycoprotein or to the CD4 antigen; 

alternatively, synthetic ligands could be used to block viral attachment (29). 

There is substantial variation in the envelope of different isolates of HTLV

III/LAV (30,31), so that antibody directed against one isolate may theoreti

cally not block binding of another. The envelope glycoprotein, however, is 

constrained by its need to bind to CD4, and it is likely that a relatively in

variant region of the envelope will be shown to be crucial for viral infec

tion. 

After attachment, HTLV-III/LAV enters a target cell by an incompletely 

defined mechanism which may involve a fusion process. It then loses its enve

lope coat, and viral RNA (along with reverse transcriptase) is released into 

the cytoplasm. Compounds which block these steps have been found for other vi

ruses (e.g., amantadine is believed to block the uncoating of influenza A vi

rus [32]), and similar agents may be developed for HTLV-III/LAV. 

At this point, an HTLV-III/LAV ££! product, reverse transcriptase, makes 

a complementary (first strand) strand DNA copy of the RNA genome using a ly

sine transfer-RNA as the primer (30,33,34). This same enzyme then catalyzes 

the production of a positive strain DNA copy, so that, eventually, the genetic 

information is encoded in a double stranded DNA form. Reverse transcriptase 

activity is essential for viral replication and can for all practical purposes 

be considered as a unique viral function. For retroviruses as a class, it is 

thought that an RNase H activity is situated at the carboxyl terminus of the 

reverse transcriptase domain, and this RNase H eliminates the viral genomic 

RNA strand making it possible for the reverse transcriptase to generate the 

second DNA strand. If a DNA copy of the uncoated viral RNA is not made prompt

ly, the RNA is susceptible to degradation by cellular enzymes. For these rea

sons, reverse transcriptase has been a major target for antiviral therapy in 
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AIDS, and, indeed, as will be discussed below, most of the agents now beiug 

investigated act at this step of viral replication (35-40). It should be noted 

that the progress in this area has been possible in part because of pioneering 

research directed at finding agents which inhibit the reverse transcriptase of 

murine and avian retroviruses (41-46). 

The DNA copy of retroviral genetic material may become circularized du

ring or soon after its formation and may remain in an unintegrated form or be

come integrated into the host cell genome through a viral endonuclease or "in

tegrase" (thought to be a £2! gene product) which mediates this step (47). It 

is possible that drugs which intel-fere with the "integrase" could be of value. 

At some later point, the DNA is transcribed to mRNA and to viral genomic RNA 

using host RNA p01ymerases, and the mRNA is translated to form viral proteins, 

again using to a large extent the biochemical apparatus of the host cell. One 

broad spectrum antiviral drug, ribavirin, is believed to interfere with a pro

cess called 5' -capping of virus-specific mRNA in other viral systems and it 

may possibly have a related activity in HTLV-III/LAV infection (32,48). 

It has recently been shown that the production of Hl~V-III/LAV proteins 

is under the regulatory control of at least two viral genes, one named tat-III 

(49) and the other named!!! or trs (50,51). The products of these unique vi

ral genes are absolutely required for efficient HTLV-III/LAV replication, and 

they might be future targets for antiviral therapy. The product of the tat-III 

gene, for example, is believed to markedly increase production of viral pro

teins after binding to a region on what is called the 5'-10ng terminal repeat 

(LTR) of the viral mRNA (52). A cluster of positively charged amino acids in 

the protein encoded by tat-III has been postulated to be the site of its bin

ding to mRNA (52). Drugs might be developed (perhaps designed on the basis of 

x-ray diffraction studies and computer-generated models of the protein [52-

54]) with the goal of binding to and inhibiting the function of tat-III. 

Another approach which may conceivably be used to inhibit the production 

of viral proteins may be the use of "anti-sense" oligodeoxynucleotides (55, 

56). These are short sequences of DNA (or DNA which has been chemically modi

fied to confer better cellular penetration and resistance to enzymatic degra

dation) with base pairs that are complimentary to a viral segment of the viral 

genome. Such oligonucleotides could theoretically block expression of viral 

proteins through hybridization arrest of mRNA (56,57) or interference with the 

binding of a regulatory protein (e.g., tat-III). 

The final steps of viral replication involve secondary processing of cer-
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tain viral proteins by proteases (thought to be a function of one of the viral 

E£! gene products [33]) and myristylating and glycosylating enzymes (provid~d 

by the host cells) (8,59); these steps could be affected by inhibitors of 

these enzymatic functions. Finally, the virus is released by budding; alpha 

interferon, which has been shown to inhibit HTLV-III/LAV replication (60), is 

thought to possibly act at this step. 

It has become evident that certain cells, including macrophages (6,7), 

EBV-infected B cells (61) (which are increased in patients with AIDS [62,63), 

and even certain T cells (64,65), may be chronically infected with HTLV-III/ 

LAV without necessarily being destroyed by the virus. Agents which act at the 

later steps of viral replication (beyond reverse transcription and integra

tion) may theoretically address the problem of these chronically infected 

cells, while those agents which act at reverse transcription or earlier steps 

may be effective at protecting uninfected cells from HTLV-III/LAV infection. A 

combination of early and late acting agents may therefore be more effective 

than either used alone. Combined therapy in addition may reduce the chance of 

the virus developing resistance to any single agent. 

2' ,3' -DIDEOXYNUCLEOSIDE ANALOGUES AS INHIBITORS OF HTI.V-III/LAV INFECTION 

We would now like to turn our attention to a group of compounds, 2',3'

dideoxynucleoside analogues, which can be metabolized in mammalian cells to 

become potent inhibitors of HTLV-III/LAV replication. 2',3'-Dideoxynucleosides 

have previously been studied in several pioneering laboratories (e.g., 66-68). 

Our group has observed that some of these compounds block the infection of 

target cells by HTLV-III/LAV at concentrations which are 10 to 20 fold lower 

than those at which they inhibit the proliferation and survival of the cells, 

even under conditions of high multiplicity of infection (39,40). As will be 

discussed further below, one drug, the 3'-azido derivative of 2',3'-dideoxy

thymidine (3' -azido-2' ,3' -dideoxythymidine, AzddThd, AZT), has recently been 

shown to confer a survival advantage when administered to certain patients 

with AIDS (69). 

The 2',3' -dideoxynucleosides which have been shown to inhibit HTLV-Ill/ 

LAV replication (39,40,70-75) differ from the normal substrates for nucleic 

acid synthesis (2'-deoxynucleosides) in that the 3'-hydroxy (-OH) group is re

placed by an hydrogen (-H) or another group which cannot form phosphodiester 

linkages (Fig. 1). Individual compounds can be converted by mammalian kinases 

to 5'-triphosphate metabolites, but the degree of anabolic phosphorylation 
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2',3'- dideoxycyfldme 
(ddCyd) 

Fig. 1. Chemical structures of two 2',3'-dideoxynucleoside analogues now in 
clinical trials (right) compared to their respective physiologic nucleoside 
counterparts (left). 

cannot be extrapolated from one drug to another and must be determined on a 

case by case basis (44,76,77). There is evidence that these phosphorylated 

nucleosides inhibit HTLV-III/LAV replication by acting as chain terminators 

(67,70,78); because of the 3' modification, once viral reverse transcriptase 

is fooled into adding them to the end of a growing chain of DNA, no subsequent 

3' ,5' -phosphodiester linkages can be made (Fig. -, , 
"-I· The DNA polymerase of 

HTLV-III/LAV (reverse transcriptase) and other retroviruses is much more sus

ceptible to the inhibitory effects of these compounds (as 5' -triphosphates) 

than is mammalian DNA pol>~erase alpha (44,70,71,76), and this is most likely 

one basis for their selective antiretroviral activity. Indeed, one might say 

that, based on the very low Ki values observed, reverse transcriptase prefers 

Z',3'-dideoxynucleotides to normal nucleotides as substrates. 

As noted above, 2' ,3'-dideoxynucleosides must be phosphorylated to an ac

tive 5' -triphosphate moiety by host cellular kinases. Different species of 

animals (or even cell types within one species) differ in their efficiency of 

phosphorylation of these drugs (44,76,77), and for this reason, extreme cau

tion must be used in extrapolating from experimental results obtained in one 

species (or a cell type within a species) to another. For example, Z',3'-di

deoxythymidine is poorly phosphorylated in human Molt/4F cells (Ki/Km for thy-
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l' 

Thymine 

1 ' 

H 

x = H, N3, etc. 

Fig. 2. One mechanism to explain the antiretroviral activity of 2',3'-dideo
xynucleoside analogues. After anabolic phosphorylation within a target cell, 
2' ,3 '-dideoxynucleotides can be incorporated into a growing chain of DNA as 
the genomic RNA of HTLV-III is transcribed to DNA; this will elongate the DNA 
by one residue and then terminate DNA synthesis because the 3'-carbon is not 
available for further phosphodiester linkage. 

midine kinase ~ 130; comparing drug to normal substrate (74) (Fig. 3)), and is 

among the least potent antiviral agents of any 2'.3'-dideoxynucleoside tested 

in ATH8 cells (40,74). Substitution of the 3'-hydrogen by an azido (N3) group 

in the erythro configuration, however, produces a compound mentioned above, 

3' -azido-2' ,3' -dideoxythymidine (AzddThd, AZT) (Fig. 1), that is an excellent 

substrate for human thymidine kinase (Km : 3 IJHj Ki/Km ~ 1) (71,76, and Balza

rini and Broder, unpublished), and very efficient at inhibiting HTLV-III/LAV 

replication in vitro (39,40,79). The threo isomer is very much less potent as 
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Fig. 3. Double-reciprocal plots for inhibition of Holt/4F clCyd kinase by ddCyd 
(panel A) and ddeCyd (panel B), and Molt/4F dThd kinase by ddThd (panel C) and 
ddeThd (panel D). Inhibitor concentrations: none ce), 0.5 roM (0) and 1 mM (6) 
for ddThd; none (e), 0.5 mM (0) and 1 mM (6) for ddeThd; none ce), 1 m}! (0) 
and 2 ~1 (a) for ddCyd; none (e), 2 mll Co), and 4 mM (6) for ddeCyd. In every 
panel are also 5iven the Dixon plots of the data at the following concentra
tions of dCyd in panel A: 2 ~H (+); 3 ~H (_) and 6 ~M (i), and panel B: 3 ~M 
(+); 4 ~H (_) and 8 ~M (i); and dThd ill panels C and D: 5 ~M c+); 10 )JH (_) 
and 50 )JM (i). 

an antiretroviral agent (unpublished data). 

Of all the nucleoside analogues that have been tested so far in our labo

ratory for the ability to inhibit the in vitro replication and cytopathic ef

fect of HTLV-III/LAV against ATH8 cells [a normal helper-inducer T cell line 

ilIllIlortalized after transformation with HTLV-I and highly sensitive to the cy

topathic effect of HTLV-III/LAV (77),] the pyrimidine analogue 2',3'-dideoxy

cytidine (ddCyd) is the most potent on a molar basis. At very high multiplici

ty of infection, essentially complete inhibition is obtained at a concentra-· 

tion of 0.5 )JM and the virus-inhibiting effect is durable over prolonged cul

ture periods (40,71). At a low multiplicity of infection, viral suppression 

may be seen at concentrations of 10 nanomolar or less in vitro (Mitsuya and 

Broder, unpublished). 



370 

The metabolism of ddCyd to its 5'-mono-, 5'-di- and 5'-triphosphate meta

bolites is similar in uninfected and HTLV-III/LAV-infected ATH8 cells. This 

observation suggests that no specific viral enzyme is involved in the activa

tion and metabolism of the drug (Fig. 4). The following observations led us to 

conclude that ddCyd is phosphorylated by the cellular deoxycytidine (dCyd) ki

nase to its 5'-monophosphate derivative ddc}~ : (i) the cytostatic effects of 

ddCyd against human Molt/4F cells are dramatically reversed by dCyd (> 150 

fold) (72,74); (ii) the anti-HTLV-III/LAV effects of ddCyd in ATH8 cells are 

reversed by dCyd (70); (iii) dCyd severely depresses intracellular phosphory

lation of ddCyd (72, n); (iv) ddCyd lacks any appreciable cytostatic effect 

against a dCyd kinase-deficient cell line (ID50 : > 2400 pM compared to 320 ~M 

for the wild-type cell line (72,74); (v) phosphorylated metabolites of ddCyd 

could not be detected in a dCyd kinase-deficient cell line which contains nor

mal levels of Cyd/Urd kinase (77); (vi) ddCyd shows competitive inhibition of 

partially purified Mclt/4F dCyd kinase with respect to dCyd (74) (Fig. 3). 

However, dCyd kinase has a much lower affinity for ddCyd (Km ~ 201 pM) than 

for its physiological substrate dCyd (Km - 3.5 pM) (72,74,80). Since ddCTP is 

thought to be the active intracellular metabolite for the antiretroviral ef

fect of ddCyd, limited intracellular levels of ddCTP or high intracellular ra

tios of dCTP to ddCTP could prevent ddCyd from achieving its optimal antiviral 

effect. Nevertheless we could demonstrate that ATH8 cells as well as a number 

of other human cell lines, including PHA.-stimulated normal lymphocytes. deve-

ddCyd 

Km - 200 f.lM t ~ dCyd kinase 

ddCMP dCMP t CMP/dCMP kinase t 
ddCDP dCDP 

t NDP kinase t 
ddCTP,- ~dCTP 

DNA 

Fig. 4. Pathways of anabolic phosphorylation for 2',3'-dideoxycytidine 
(ddCyd) and its normal counterpart 2' -deoxycytidine (dCyd). The K", for the 
first step of anabolic phosphorylation (mediated by 2'-deoxycytidine"kinase) 
is shown for both drug and the normal substrate. 
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loped intracellular ddCTP levels of about 0.5 pH when incubated with 1 Ill1 

ddCyd for 24 hours (77). These ddCTP levels exceed the Ki-value of ddCTP for 

HTL\,--III/LAV reverse transcriptase (Ki 'V 0.2 jJM. determined by Hao Z. Johns 

DG. Broder S et al •• unpublished)_ Moreover. Mitsuya et al. (81) showed that 

ddCTP could bring about a chain termination of DNA synthesis catalyzed by 

HTLV-III reverse transcriptase at a concentration which is 40 fold below the 

dCTP concentration present in the reaction mixture. Taking into account that 

the levels of ddCTP attainable upon incubation of human lymphocytes with 1 pM 

ddCyd are ~ 1/40 the normal intracellular dCTP levels present in the cells 

[e.g •• 20 pM in human H9 cells (76)]. we may conclude that these ddCTP levels 

are high enough to account for an antiretroviral (chain terminating) effect of 

ddCyd. 

We are exploring ways to manipulate the activity of certain mammalian en

zymes involved in pyrimidine nucleoside metabolism. in particular dCyd kinase 

and CDP reductase. in order to increase the anabolic phosphorylation of ddCyd. 

One potential approach is to decrease the intracellular dCTP pools. Since dCTP 

is a potent feedback inhibitor of dCK (82.83), a reduction of the dCTP levels 

will stimulate dCyd phosphorylation and at the same time enhance ddCyd phos

phorylation. 

In Fig. 5. potential target enzymes for achieving decreased dCTP pools 

are indicated. All inhibitors shown in Fig. 5. have prcviously been demonstra

ted to decrease dCTP pools (84-98). We found that a 12-hour preincubation pe

riod of murine leukemia L1210 cells with hydroxyurea [an inhibitor of CDP re

ductase (84.85) 1. 3-deazauridine [an inhibitor of CTP synthetase as its 5'

triphosphate derivative (86.87)J. and dThd [an allosteric inhibitor of CDP re

ductase as its 5'-triphosphate derivative (88.89) as well as an activator of 

dCyd kinase under certain conditions (99) J. led to a 4-6 fold increase in 

phosphorylated ddCyd metabolites. Pyrazofurin [an inhibitor of aMP decarboxy

lase (90.91)] increased ddCTP levels only 2-3 fold while PALA [an inhibitor of 

aspartate transcarbamoylase (92-94) J showed only marginal stimulation under 

our experimental conditions. A 4-quinoline carboxylic acid derivative. an in

hibitor of dihydroorotate dehydrogenase (95.96) and 6-azauridine. an inhibitor 

of aMP decarboxylase (97.98). were without any effect. However. it should be 

emphasized that optimal exposure time and concentration of these antimetaboli

tes remain to be determined for each particular compound. 

We then focused on dThd in more detail. When the effect of dThd on the 

stimulation of ddCyd phosphorylation was examined more closely. we found that 
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Fig. 5. Potential target enzymes for achieving a decreased intracellular con
centration of dCTP. 

the degree of stimulation of ddCyd phosphorylation was highly dependent on 

preincubation time as well as concentration of dThd. We observed a correlation 

between the increased ddCTP levels and decreased dCTP pools. However, we also 

found that the drop in dCTP pools seemed necessary but probably not sufficient 

to obtain efficiently increased ddCTP levels. 

Finally, we demonstrated that under defined conditions, dThd enhanced the 

protective effect of ddCyd against HTLV-IlI-infected ATH8 cells. Moreover, the 

dThd-induced increase in the concentration of phosphorylated ddCyd metabolites 

did not parallel the slight increase in apparent toxicity. Therefore, toxic 

and antiviral effects may be modulated by different mechanisms, an observation 

of potential chemotherapeutic importance. 

The possible mechanisms for the stimulation of ddCyd phosphorylation are 

as follows (Fig. 6) : (i) Conversion of dThd to dTTP in the cells, the latter 

metabolite being capable of enhancing the activity of dCyd kinase under con

stant dCTP levels (99); (ii) inhibition of CDP reductase by dTTP which would 

result in decreased amounts of dCTP, a potent feedback inhibitor of dCyd ki

nase (82,83); consequently, dCyd kinase would be stimulated and thus enhance 

ddCyd phosphorylation. (iii) The drop in dCTP pools would increase the compe

tition of ddCTP with dCTP for reverse transcriptase, the putative target en

zyme for the antiviral effects of ddCyd. Thus, a combination of ddCyd with 

dThd should potentially lead to increased intracellular ddCTP pools. Moreover, 
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Fig. 6. Possible mechanism for stimulating ddCyd phosphorylation and reducing 
dCTP formation using thymidine (dThd). The + sign indicates catalytic steps 
that can be enhanced. The - sign indicates catalytic steps that can be inhibi
ted. 

dThd has already been used in phase I clinical trials (100) and should be a 

good candidate to be included in treatment schedules for AIDS patients in the 

near future. Indeed, as will be discussed later, the toxic effect of AzddThd 

is probably caused by a severe drop in dTTP levels; therefore, a schedule for 

drug administration in AIDS patients may be considered in which several weeks 

treatment with high concentrations of AzddThd is followed by several weeks 

treatment of a combination of ddCyd with dThd. This treatment scheme may re

sult in an increased chemotherapeutic index by enhancing the antiviral effect 

and/or lowering (or rescuing) toxicity. 

Additional tests have demonstrated that 2',3'-dideoxycytidine has other 

properties desirable as a potential therapeutic agent for treatment of HTLV

III/LAV infection: it is relatively resistant to cytidine deaminase (a major 

catabolic enzyme for cytidine analogues) (101); it is well absorbed when admi

nistered by the oral route in animal tests; it has straightforward pharmacoki

netic clearance by the kidney; it does not appear to induce pyrimidine starva

tion; and finally, it has comparatively little toxicity in test animals. Entry 

to the central nervous system is also rapid, but the cerebrospinal fluid to 

plasma concentration ratio after i.v. administration is low (101). However, it 

was observed that drug levels which are effective in completely inhibiting the 

virus in vitro at high multiplicity of infection can be achieved after a sin-
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gle i.v. bolus administration at 27 mg/kg in the monkey (101). We have initia

ted a Phase I (feasibility and toxicity) study of 2' ,3'-dideoxycytidine in pa

tients with AIDS as the next step in the development of this drug (Yarchoan R 

and Broder S, unpublished). A comparable study for a purine analogue, 2',3'

dideoxyadenosine, is planned for the future. The preliminary data using 2',3'

dideoxycytidine in patients look promising. 

Another 2',3'-dideoxynucleoside analogue already touched upon, 3'-azido-

2',3'-dideoxythymidine (AzddThd, AZT), was synthesized more than 20 years ago 

by Horwitz !! al. (66) and was shown to inhibit C-type murine retrovirus re

plication in vitro by Ostertag more than 12 years ago (45). In the beginning 

of 1985, our group, in collaboration with the Wellccme Research Laboratories, 

observed that AzddThd at concentrations of 1 to 3 jJM inhibited HTLV-IlI/LAV 

replication even under test conditions that utilize a high multiplicity of in

fecticn (39). Under less stringent test conditions AzddThd is inhibitory at 

substantially lower concentrations. However, it should be emphasized that 

AzddThd, upon longer incubation with HTLV-IlI-infected ATH8 cells, partially 

loses its antiretroviral activity. The fact that ddThd but not ddCyd and ddAdo 

also loses its antiretroviral potency upon longer incubation times with HTLV

III-infected ATH8 cells suggests that this phenomenon is not an unusual pro

perty of some ddThd analogues, an observation which might be important from a 

therapeutic viewpoint (74). 

AzddThd metabolism to its 5'-triphosphate metabolites is similar in un

infected and HTLV-IlI-infected H9 cells, indicating that no specific viral en

zyme is involved in the activation and metabolism of the drug (71,76) (Fig. 

7). AzddThd is phosphorylated by the cellular dThd kinase (TK) to AzddThd 5'

monophosphate (AzddTMP). Its Km for this enzyme nearly equals that of the 

physiological substrate dThd (Km'" 3 jJM); the K/Km ratio of AzddThd for dThd 

kinase (as measured with radio labeled dThd as the substrate) is close to 1, 

inhibition of TK is competitive with respect to dThd, and its Vmax is 60 % of 

the Vmax for dTMP formation (71 and Balzarini, Johns and Broder, unpublished). 

These data suggest that AzddThd is an excellent substrate for TK and readily 

converted to its 5'-monophosphate derivative. 

When evaluated for its substrate properties for thymidylate kinase (dTMP

K), AzddTMP shows a Km of 8 JJH, that is a 2-fold higher value than the Km for 

the physiological substrate dTMP (Fig. 7). However, Vmax is only 0.3 % of Vmax 

for dTMP formation (71). Thus, AzddTMP has to be considered as a potent alter

native substrate-inhibitor of dTMP kinase. 
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Fig. 7. Anabolic phosphorylation of thymidine (dThd) and the 3' -azido analo
gue of 2'.3'-dideoxythy~idine (AzddThd). The final normal nucleotide product 
(dTTP) and drug product (AzddTTP) can be possibly incorporated into both cel
lular DNA (cDNA) or retroviral DNA (vDNA). However. the viral DNA polymerase 
(R.T.) has a high affinity for AzddTTP, and this at least partially accounts 
for the selectivity of AzddThd as an antiretroviral agent. Also, see Fig. 2. 
Some of the toxicity of AzddThd appears to be related to the reduction of dTTP 
caused by the drug in inhibiting thycmidylate kinase (dTMP-K) (see text). 

Al though the substrate properties of AzddTDP for nucleoside-5' -diphos

phate kinase (NDP-K) have not yet been determined or reported, one may consi

der dTI~-K as the most likely rate-limiting step in the conversion of AzddThti 

to its active metabolite AzddThd-5'-triphosphate (AzddTTP). 

Once converted to its 5f-triphosphate derivative, AzddThd may theoreti

cally interfere with all cellular DNA pol)~erases (i.e .• DNA polymerase a. S. 

y; TdT transferase)" and the viral DNA polymerase (reverse transcriptase). The 

observation that HTLV-III reverse transcriptase has a very high affinity for 

AzddTTP (Ki = 0.04 ~M), this affinity being several orders of magnitude higher 

than the affinity for cellular DNA polymerase a and B (71.76, and Fig. 7). may 

explain the selectivity and potency of AzddThd as an antiretroviral chemothe

rapeutic agent in human beings. Thus, assuming that inhibition of reverse 

transcriptase is the main target for the observed antiviral effects of 

AzddThd. low intracellular ratios of dTTP ~ AzddTTP will increase the po

tency of AzddThd as an antiretroviral agent, but may also enhance the cytosta

tic and/or cell toxic effects of the drug. Therefore, determination of intra-
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cellular nucleotide pool levels are necessary to obtain more information con

cerning intracellular balances between phosphorylated AzddThd metabolites and 

the natural nucleotide pools and to provide a rationale in our attempt to ma

nipulate the antiviral and/or cytostatic action of the drug. 

When H9 cells are incubated with AzddThd, dramatic changes in the dTTP 

pools occur: they drop at least 20-fold (71). How can the change of the dTTP 

pools be explained and what is their relevance to the toxic effects of 

AzddThd ? Nost likely, the decrease of intracellular dTTP levels is due to the 

inhibition of dTMP-K by AzddTMP. Since the entire flow to dTTP from dTMP, ei

ther formed by salvage or de ~ synthesis, has to go through this enzyme, it 

is obvious that a blockage at this level results in a decrease of dTDP and 

dTTP pools (consumed during the remaining D~A synthesis and/or temporary accu

mulation of dTMP). Indeed, we observed increased dTMP levels and decreased 

dTTP levels in AzddThd-treated ATH8 and Molt/4F cells. Thus, starvation of 

dTTP by AzddThd treatment will shut down DNA synthesis and may lead to the 

equivalent of a thymine less death of the cells. However, as a consequence of 

the inhibition of dTMP-K by AzddTMP, a dramatic accumulation of AzddTMP would 

also occur. This phenomenon has been demonstrated by Furman et al. in H9 cells 

(76) and by Balzarini and co-workers in human ATRS ar.d Molt/4F cells and in 

caprine Tahr cells (unpublished). Under some experimental conditions, AzddTMP 

pools exceed AzddTTP pools by 50-100 fold and intracellular levels of AzddTMP 

as high as 800 pM could be recorded in H9 cells treated with 50 p11 AzddThd 

(71). The accumulation of AzddTMP into cells makes this metabolite also a po

tential candidate for thymidylate synthase (TS) inhibition. Indeed, TS repre

sents a key enzyme in DNA synthesis since it is the only de ~ source for 

the cells to synthesize dTMP, and it has been demonstrated that inhibition of 

this enzyme may lead to potent inhibition of cell growth and DNA synthesis 

(102,103). However, when AzddTMP was evaluated for its inhibitory effect 

against partially purified TS from t-lolt/4F cells, no significant inhibition 

could be demonstrated at an AzddTMP concentration as high as 250 pM. Also when 

evaluated in intact cells by measuring the effect of AzddThd on tritium re

lease from [5-3H]dUrd and [5-3H]dCyd, no inhibition by 10 pM of AzddThd was 

recorded even when tritium release was measured at different time points (up 

to 72 hours) during AzddThd incubation. Deoxycytidylate (dCHP) deaminase, 

another important source of the substrate dUMP for the thymidylate synthase 

reaction and thus a potential target for toxicity, is also not affected by 

AzddThd and its phosphorylated metabolites. Thus, it is unlikely that inhibi-
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tion of TS or dC11P deaminase by AzddTt.d or its phosphorylated metabolites ac

counts for the observed drop in dTTP pools. Moreover. since addition of dThd 

could easily overcome the inhibitory effect of AzddThd against }lolt/4F cell 

proliferation. it seems likely that the severe decrease in dTTP levels and the 

toxic effects achieved by AzddThd must be ascribed to an inhibition of the 

dThd flow to dTTP at the dTMP-K level by AzddTMP. A similar observation has 

been made by us for 2'.3'-ddThd which also accumulates as its 5'-monophosphate 

metabolite upon administration to Uolt/4F and ATR8 cells although phosphoryla

tion occurs considerably less extensively than for AzddThd. These data suggest 

that the phenomenon of inhibition of dTMP-K by AzddTMP and ddTMP is not an un

usual property of 2'.3'-dideoxythymidine analogues and one may speculate that 

toxicity exerted by this subset of compounds will be primarily due to dTTP 

starvation in human target cells. 

However. inhibition of dT}ff-K by AzddT}1P is not a general phenomenon when 

cells from different species are compared. Indeed. we found dramatic differen

ces in metabolism of AzddThd in murine leukemia (L12l0). caprine ovary (Tahr) 

and human lymphoblast (Holt/4F) and lymphocyte (ATH8) cells. While accumula

tion of AzddTMP was noted in the human lymphoid and caprine ovary cells (ratio 

AzddTMP/AzddTTP : 50-200). extensive formation of AzddTTP versus AzddTMP was 

noted in murine leukemia L12l0 cells (ratio AzddTMP/AzddTTP: ~ 0.5) (Fig. 8). 

These data clearly indicate that metabolism of AzddThd is highly dependent on 

the species and cell type. This may also explain the observation that AzddThd 

is a potent inhibitor of mouse viremia and retroviral disease (e.g •• splenome

galy) in Rauscher murine leukemia virus infected mice (104). It also explains 

our observation that in Moloney murine sarcoma virus infected newborn NMRI 

mice. AzddThd treatment severely depresses tumor formation and dramatically 

prolongs survival rate of the test mice (lOS). These protective effects 

against murine retroviruses are probably due to the extremely high levels of 

AzddTTP found in the murine cells (~ the human cells). rather than the 

species origin of the virus because Dahlberg. Aaronson. Mitsuya and Broder 

found that AzddThd dramatically inhibits the replication of an amphotropic 

murine leukemia virus in cells of the mouse and rat but is only moderately ef

fective in human cells (unpUblished data). Thus. one should not automatically 

extrapolate metabolic data from murine or other animal cell lines to human 

cell metabolism. 
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Fig. B. Different prolifes of anabolic phosphorylation of AzddThd in human T 
cells versus mouse L1210 cells. The ant.iretroviral effects and possibly some 
toxic effects of the drug are mediated by the 5' -triphosphate derivative 
(AzddTTP). Note that in human cells, only a small fraction of the drug is me
tabolized to a triphosphate form. 

EVALUATION OF 3'-AZIDO-2',3'-DIDEOXYTH1~!IDINE IN PATIENTS WITH ADVANCED HTLV

III DISEASES 

In the middle of 1985, we began administering AzddThd to patients with 

AIDS and related conditions in a phase I trial conducted in collaboration with 

Duke University Medical Center and Wellcome Research Laboratories. One of the 

purposes of this trial was to study the pharmacokinetics of AzddThd. We found 

that the drug has good oral bioavailability (approximately 60 %) and that le

vels of AzddThd that were inhibitory for HTLV-,III/LAV replication in vitro 

were achievable in patients (106,107). The half-life of AzddThd was found to 

be approximately 1 hour with much of the drug clearance being via glucuronida

tion (l06-lOB). At least one drug ~lhich is known to interfere with hepatic 

glucuronidation, probenecid, increases the half life of AzddThd [108J, and it 

is possible that other inhibitors of glucuronidation such as acetaminophen, 

morphine, and sulfonamides could have similar effects. Finally, AzddThd was 

found to have excellent penetration across the blood-brain barrier (106,107). 

In this trial and extensions of this trial, we also observed that pa-
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tients administered intermediate doses of AzddThd (15 to 30 mg/kg/day orally) 

over a 6 week period had partial restoration of immune function including 2-

to 3-fold increases in the absolute number of helper-inducer (CD4+) T cells 

and the development of cutaneous delayed type hypersensitivity reactions in 

preViously anergic individuals. These changes were often detectable after the 

second week of therapy (106), but they were not always dramatic. Indeed, one 

of the principles we now know is that BIllall increments of T4 counts can confer 

a significant survival advantage to patients. The majority of patients given 

AzddThd also gained weight, reported less fatigue, and had improvement in 

other clinical abnormalities associated with AIDS. Finally, we observed that 

some patients with HTLV-III/LAV-induced neurologic disease (particularly those 

with dementia) had substantial improvements in neurologic function upon being 

given AzddThd (69,109 and Yarchoan and Broder, unpublished observation). 

AzddThd, however, would not ~ priori be expected to affect secondary neurolo

gical manifestations of AIDS such as toxoplasmosis or central neL'VOUS system 

lymphoma, and these conditions should be excluded in evaluating the effects of 

AzddThd on HTLV-III-induced neurologic disease. 

Bone marrow toxicity (particularly anemia and leukopenia, and, occasio

nally, decline in the number of CD4+ lymphocytes) was observed in some pa

tients receiving high doses of AzddThd (90 mg/kg/day orally) for 4 to 6 weeks 

and in some patients receiving lower doses of AzddThd (25 to 30 mg/kg/day 

orally) for more than 8 weeks (107). Increase in the red blood cell mean cor

puscular volume (reflecting megaloblastic changes) is often an early sign of 

this toxicity (110). Interestingly, thrombocytopenia is much less common and 

indeed, patients often have increases in the number of platelets upon being 

given short courses of AzddThd (106, and Yarchoan and Broder, unpublished ob

servation). Some patients receiving AzddThd reported mild headaches, and two 

patients receiving high doses (90 mg/kg/day orally) developed transient agita

tion. Otherwise, non-hematologic toxicity was rarely observed. 

We have now administered AzddThd to patients with AIDS for as long as 18 

months, and many patients appear to tolerate the drug over this period of 

time, although some patients required dose reductions. Seven of the 8 patients 

who entered the phase I trial with a prior episode of Pneumocystis carinii 

pneumonia are alive after a median time of 54 weeks on AzddThd (Yarchoan, Bo

lognesi, Durack and Broder, unpublished); in the absence of therapy, only half 

would be expected to survive past 35 weeks (111). Formal proof that AzddThd 

could prolong survival, at least in AIDS patients who had recently recovered 
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from Pneumocystis carinii pneumonia, was provided by a multicenter double

blind placebo-controlLed trial in which there was a dramatic difference in 

mortality between the treated and untreated patients (Dept. Health and Human 

Services announcement, Sept. 19, 1986). 

The trial was begun in February 1986. By September 1986, there were 16 

deaths in the placebo arm and one death in the AzddThd arm. At the same time, 

patients in the drug arm showed other evidence of clinical and immunological 

improvements. Interestingly, while patients in the AzddThd arm. in addition to 

an improved survival, had a clear reduction in the number of opportunistic in

fections or other AIDS-related evellts, a major difference between the two arms 

of the study did not occur until after six weeks, suggesting that the benefits 

conferred by AzddThd did not fully materialize until at least six weeks of ad

ministration.) At that point, an independent data-monitoring board recommended 

that the placebo group begin to receive the drug. The study is still underway 

(wfth both arms now receivin~ drug) to determine long-term safety and effi

cacy. 

AzddThd is now bein~ made widely available to physicians for the treat

ment of patients with AIDS who have had Pneumocystis carinii pneumonia and who 

fit certain other criteria. It is worth stressing that the clinical experience 

with AzddThd is at this time limited, and the availability of AzddThd repre

sents only a first step. The optimal dose for long term therapy is still being 

explored. We also need to learn the best schedule of administration and to 

learn whether the development of AIDS may be slowed or prevented by administe

ring AzddThd early in the course of HTLV-III!LAV infection. We are just begin

ning to explore strategies which may permit a greater antiviral activity with

out a concomitant increase in bone marrow toxicity. In this regard, our group 

has recently observed that acyclovir (a guanosine analog with potent activity 

against herpes viruses but little or no antiretroviral activity ~ !!) can 

potentiate the antiretroviral effect of AzddThd in vitro through an as yet un

known mechanism (70, and Mitsuya and Broder, unpublished observation). Acyclo

vir does not characteristically cause bone marrow suppression and it is pOSSi

ble that the combination of these two agents may be of benefit. We are pre

sently initiating a clinical trial to test this hypothesis. 

Thus. AzddThd is a drug selected on the basis of its in vitro antiviral 

effect against HTLV-III and shown to confer at least a short-term clinical be

nefit in patients with advanced disease. In this respect, it represents a 

first step in developing practical chemotherapy against pathogenic human re-
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troviruses. While the clinical results may be important in their own right, 

they are also important because they appear to validate some of the strategies 

of therapy discussed here, and they reinforce the idea that therapy for esta

blished retroviral infections will eventually be an attainable goal. 

CONCLUSION 

AIDS and its related disorders are cansed by the third known pathogenic 

human retrovirus (HTLV-III), which infects and destroys helper/inducer T 

cells, thereby irreparably damaging the immune system. The genome of this vi

rus contains the ste.ndard replicative genes found in other retroviruses; how

ever, it contains several additional genes not previously known. The pro

duet(s) of each gene represents a potential target of opportunity in develo

ping new experimental therapies for disee.ses caused by this virus, and we have 

discussed several issues related to the viral life cycle which may be relevant 

to future therapeutic strategies. We have also discussed some basic pharmaco

logic principles for designing antiretroviral treatment. Curative therapy for 

diseases caused by pathogenic retroviruses will probably not be possible until 

the molecular biology of the virus and the structural chemistry of key viral 

products are defined through further basic research. Nevertheless, HTLV-III 

has revealed enough of its life history for us to initiate new therapeutic 

strategies, and it is not necessary to await new breakthroughs before imple

menting some strategies that we already know have clinical applications in pa

tients with advanced disease. 
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ABSTRACT 

••.• 1 have promises to keep, 
And miles to go before I sleep, 
And miles to go before I sleep. 

Robert Frost 

Research on the development and clinical use of antiviral agents is 
progressing at an impressive rate after a very slow start. The need, 
problems, and current status of antiviral agents in clinical usage are 
discussed. 

INTRODUCTION 
Like Robert Frost, musing in the woods on a snowy evening, so too 

do antiviral agents hold great promise for the control of infectious 
diseases, but have far to go to realize this promise. Research on 
antiviral agents is a relatively new discipline with a very slow 
beginning, only recently gaining the recognition it properly deserves. 
A few years ago, research in this field was considered both unrewarding 
and unproductive. 

Viral inhibition was considered a helpful tool in the study 
of viral replication, but there was no expectation that this would lead 
to useful therapeutics. Clinical efficacy, free of drug toxicity, was 
not believed attainable. So entrenched was the concept that antivirals 
would not be clinically useful, that medical practitioners, and even 
virologists, were not prepared to accept amantadine, an extremely 
effective and beneficial agent for the prevention and treatment of 
influenza A infections. It took more than 10 years before this proven 
drug was accepted, and it is still not used as much as it deserves. 
However, the potential role and need of antiviral agents now is 
generally recognized, and each year brings increased research, new 
agents, and clinical benefits. 

DeClercq, E. (ed.), CLINICAL USE OF ANTIVIRAL DRUGS. Copyright © 
1988 by Martinus Nijhoff Publishing. All rights reserved. 
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VACCINES 

To put antivirals in proper perspective, one must first consider 
vaccines. In the control of any viral infection, the best approach is 
prevention. As long as there is a vaccine that is safe, effective, 
reasonable in cost, and its risks are greatly outweighed by the 
potential morbidity and mortality of the diseases, its use should be 
advocated strongly. Smallpox vaccination provides an excellent 
example. This vaccine was a very crude preparation with several 
undesirable side effects. While smallpox remained a threat to public 
health, vaccination was encouraged and practiced throughout the world, 
and was eventually instrumental in the eradication of the disease. 
When, however, it was shown that 15 importations of smallpox cases would 
be required each year to achieve the same level of mortality that 
resulted from vaccination, the program was discontinued in the U.S. 
prior to eradication. A similar situation occurred in other developed 
nations. Vaccines continue to be important in the control of viral 
diseases such as polio, mumps, and rubella, but they cannot meet all our 
needs for the control of every important viral disease. 

Despite the impossibility of a vaccination program against every 
virus, there remain three major non-scientific obstacles to vaccine 
solutions for viral disease prevention--resistance to preventive 
medicine, complacency, and litigation. Unlike pediatricians who have 
championed childhood immunization programs, internists and general 
practitioners have not been strong advocates of existing adult 
vaccination programs for pneumococcal pneumonia, hepatitis, or 
influenza, reflecting, perhaps, their traditional inexperience in the 
use of vaccines. For example, influenza vaccine is underused, despite 
the considerable mortality and morbidity of the disease among the 
elderly, other high risk populations, and essential personnel. Even in 
well-organized programs, acceptance in the target population is only 
10-30%. The reason is largely due to the resistance of health care 
personnel. In a study of 206 health care personnel, 86% were aware of 
the complication of influenza, and 84% believed the vaccine was 
protective, but only 16% received the vaccine and only 47% recommended 
it to their patients. There appeared to be no effort to avoid the 
considerable morbidity of the disease or to follow the recommendations 
to decrease nosocomial infection through prophylaxis (1). While the 
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medical community and the general public are coming to an appreciation 
of disease prevention in other health areas through diet and exercise, 
the beneficial use of vaccines has not been promoted effectively. 

Complacency is generally defined as self-satisfaction accompanied 
by unawareness of actual dangers or deficiencies. Paradoxically, as 
diseases such as diphtheria, polio, pertussis, mumps, and measles have 
become less common because of the success of immunization programs, 
concerns about side effects have increased among patients and 
physicians. The result has been a decline in the advocacy of 
immunization programs. But these diseases are neither trivial nor near 
eradication. Continued complacency based upon the false conception of 
the near eradication of these diseases could predictably lead to their 
recrudescence. This has already been the case with pertussis in Europe 
and Japan. 

The third major factor in the disinclination to advocate vaccines 
is litigation. The tort system in the U.S. has already contributed to 
several pharmaceutical companies withdrawing from the manufacture of 
vaccines. Costs of current law suits against vaccine manufacturers 
exceed their annual earnings from the sale of vaccines (2). Supplies of 
diphtheria-pertussis-tetanus (OPT) vaccines remain precarious; there is 
currently only one U.S. manufacturer of this vaccine. Liability is a 
serious problem and may only be resolved, in the U.S., by federal 
legislation which would standarize compensation for unavoidable adverse 
reaction, medical expenses, and loss of income, but limit legal fees and 
eliminate awards for pain and suffering, as well as punitive damages. 
Without some relief from the threat of litigation and foreseeable legal 
judgments, the vaccine industry faces stagnation and eventual decline. 

All this argues more forcibly for the need for expanded research in 
the development and improvement of antiviral agents. Viral infectious 
diseases remain one of the major causes of morbidity and mortality, and, 
rather than coming under control, they are increasing in number and 
severity. In the past few years, there have been new infectious 
diseases and increased incidence of others, such as: Legionnaires' 
disease, toxic shock syndrome, genital herpes, genital warts, and 
acquired immunodeficiency syndrome (AIDS). If vaccines cannot provide 
prevention, there must be control through treatment. 
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DEVELOPMENT OF ANTIVIRAL AGENTS 
The progress in development of antivirals to date has been 

painstakingly slow. The birth of antiviral chemotherapy can be traced 
to 1962 when Kaufman demonstrated the effectiveness of idoxuridine 
against herpes keratitis (3). Although impressive, idoxuridine did not 
generate much stimulus for antivirals because it was a topical drug 
without wide applicability. Shortly thereafter, amantadine was shown to 
be effective against Asian influenza (4). However, unwarranted concerns 
for its side effects, lack of experience in the use of antivirals, and 
several other peripheral factors contributed to its poor acceptance. 
Only the threat of swine flu led to renewed interest, further clinical 
trials, and wider use. However, as mentioned earlier, medical 
practitioners still hesitate to prescribe amantadine. The initial 
lethargy of the field was due to the disbelief that agents could be 
developed that could enter cells, inhibit cellular functions used 
in the replication of viruses, and not be toxic to the uninfected 
cells. Therefore, all the agents currently available have been 
developed through serendipity. Screening programs seeking 
anti-cancer agents or studying viral replication have yielded 
viral inhibitors. Once inhibition is established, stepwise 
chemical manipulation of the agent is attempted in order to achieve 
maximal viral inhibition. The most promiSing agents, identified by in 
vitro studies, are tested ~ vivo for toxicity and pharmacology and 
eventually in animal models that mimic the viral disease in man. 
Finally, clinical efficacy studies are performed. This process is 
unavoidably slow, taking 5-10 years and an expenditure measured in 
millions of dollars. Still, the system has been relatively effective. 

The real impetus for research on antivirals was the finding, in 
1977, that vidarabine could be used successfully in treatment of 
a serious ongoing viral infection, herpes encephalitis, with a resultant 
reduction in mortality (5). Vidarabine also proved effective against 
neonatal herpes and varicella-zoster in immunocompromised patients. The 

success of acyclovir against herpes infections promoted further interest 
in antiviral agents (6,7). Most recently, science, politics, and public 
apprehension about AIDS have fueled further the engine of antiviral 
development. The urgent need to treat this tragic disease has 
stimulated a burst of antiviral research with promiSing results. In a 
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short time, the potential of suramin, ribavirin, azidothymidine, HPA-23, 

foscarnet, and interferon have been, and are being, evaluated clinically 

with several other drugs under development. The extraordinary efforts 
in this area have resulted in demonstration of efficacy for 
azidothymidine in a remarkably short 19 months which attests to what can 
be accomplished. The momentum established in antiviral research must 
not only be nurtured and maintained, but accelerated. 

The stage of relying on chance identification of new antivirals in 

screening programs designed for other purposes has passed. These 
programs are important and must continue. But remarkable capabilities 

have also developed in molecular biology to dissect the various 

components of a virus particle and to identify virus-specific enzymes, 
structural proteins, and other viral components which may serve as 
targets for development of new agents. Crystallography, computer
assisted molecular modeling, and so on, are yielding data on the 
structure of viruses, including the spatial configuration of their 

component proteins (8). These data curently are being used for 
identification of immunogenic sites (epitopes), and may also prove 
useful for the identification of targets for antiviral agents (9). 

The feasibility of a targeted approach is demonstrated by the 

success of agents directed against the thymidine kinases of herpes 
viruses and the reverse transcriptase of Human Immunodeficiency 
Virus (HIV). Other similar targets can be identified for HIV, such 
as the genome of the trans-activator protein. This protein is a 

stimulator of replication and, therefore, may prove an excellent target 

for viral inhibition. 
The need for treatment of viral diseases remains great because the 

available agents barely scratch the surface. Important candidate 

viruses for the development of antivirals are listed in Table 1. Of 
particular importance are those viruses with rapidly changing surface 

antigens, such as influenza, that limit the effective life of vaccines, 

and viruses with animal reservoirs, that complicate control measures. 

An additional area for antiviral development are those diseases for 
which there is some indication that a viral etiological agent may be 

involved, such as diabetes, arthritis, multiple sclerosis, cancer, heart 
disease, and many other chronic and degenerative diseases. 
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Viruses warranting increased efforts for 
antiviral agent development 

HTLV-III/LAV (HIV) 
Herpes 
Papilloma 
Influenza 
Rhinovirus 
Coronavirus 
Respiratory Syncytial 

Parainfluenza 
Hepatitis 
Enteroviruses 
Caliciviruses 
Arenaviruses 
Arboviruses 
Rabies 

The ideal antiviral would have a broad spectrum of activity, 
although an agent directed at a specific viral structure or enzyme 
foreign to the host cell is likely to be less toxic. The existence of 

broad spectrum antivirals such as interferon and ribavirin are, 
nonetheless, encouraging. The list of potential viral targets includes 
the protein, lipid and polysaccharide receptors of host cells, as well 

as enzymes required for synthesis or assembly of nucleic acids and 
proteins, and inhibitors of glycosylation and phosphorylation. 

Perhaps the greatest obstacle to the treatment of viral diseases is 
viral latency. Following infection, the nucleic acid of some viruses 

such as herpes and HIV can be incorporated into the genome of the host 
cell and may replicate indefinitely with the host cell without apparent 

viral progeny. Periodically, the viral genome can be expressed, 
destroying the cell and causing disease. Antiviral agents, thus far, 
have been capable of inhibiting viral replication during the acute stage 

of disease, but have not been effective in eradicating the latent 
virus. It is important to realize, therefore, that patients with these 
diseases may have to receive life-long prophylactic drug treatment for 

the rest of their lives. 
An important factor in the development of viral therapeutics is the 

ability of the drug to reach the target site. For viruses such as HIV, 
the causative agent of AIDS, effective agents must be able to penetrate 

the blood-brain barrier, since the virus infects the brain as well as 

the immune cells. In addition to the crossing of the natural barriers, 
systems must be developed that will selectively deliver the agent to the 
target organ or cell. Combining the drug with a matrix that will permit 

slow release of a constant inhibitory concentration would permit a 

steady state of drug availability without the need of continuous 
infusion or repeated injections. Other mechanisms to enhance the 
effective delivery of an antiviral agent to a specific target organ 
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could theoretically include complexing with cell-specific monoclonal 
antibodies. Drugs have been incorporated into liposomes to assure slow 
release and targeting to a specific organ (10,11). Liposome

encapsulated ribavirin was concentrated in the liver of mice, the 
primary site of Rift Valley fever virus proliferation. This led to a 
fivefold greater beneficial effect than administration of the same 

concentration of free drug. Liposomes are cleared from the circulation 
by phagocytic cells of the reticuloendothelial system. Liposomes in the 

lung capillaries are engulfed by circulating blood monocytes which may 
subsequently become alveolar macrophages. Liposomes thus offer a means 
of targeting antivirals to viral infections of the monocyte-macrophage 

series of cells. Other slow release strategies are also under study. 
Topical agents, effective in treating ophthalmic infections, have 

not been very successful in treating viral infections elsewhere in the 
body, probably because of difficulty in penetrating the skin. However, 
topical agents can be formulated with effective penetrating compounds 
such as dimethylsulfoxide (DMSO), ozone, and propylene glycol. 
Trifluorothymidine (TFT) combined with ozone and propylene glycol was 
tested against herpes simplex type 1 infections in a dorsal cutaneous 

guinea pig model (12). These studies demonstrated that the penetration

enhancing agents permitted the effective delivery of the drug and the 
expression of its antiviral effect. 

The development of resistance to an antiviral agent is also a 

concern; an agent that acts on more than one site of viral replication 
reduces the likelihood of viral resistance. Combination drug therapy 
also would reduce the development of drug resistance by concomitantly 
attacking multiple viral target sites. If the combination acts 

synergistically, the lower dosage of each drug might also reduce 

toxicity with greater efficacy. Thus, combination drugs could have the 
multiple effect of reducing toxicity, avoiding resistance, improving 

efficacy, and overcoming other single-compound shortcomings. Several 
examples of such effects can be cited using interferon and anti-herpes 

drugs in herpes keratoconjunctivitis (13) as well as ribavirin and 
closely related C-glycosyde nucleoside analogs (14,15). Ideally, 

antivirals should not suppress normal immunological responses so that 
the patient will be protected from future infection by the virus. 
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Successful antiviral therapy is dependent on rapid viral 
diagnosis. If the former is to be successful, equal effort must be 
expended on the development of the latter. Vidarabine and acyclovir are 
both effective in treatment of herpes encephalitis, but their 
beneficial effect is dependent on the stage of the disease at which 
treatment is initiated. Individuals can be saved without sequelae if 
treated early in the disease process, but cannot be helped in the 
comatose stage. Antivirals probably will be effective only in those 
diseases in which progression is linked to continued viral replication 
and where diagnosis can be made early. 

RESPIRATORY DISEASES 
1) The Common Cold: The common cold remains one of the major 

causes of morbidity and work absenteeism. Considerable attempts have 
been made at a cure. The major problem is the wide range of viral 
agents and strains. A specific problem in combating the common cold is 
that it is a relatively mild infection of short duration. Therefore, 
for an antiviral to be acceptable, it should be almost free of toxicity 
and side effects. Ideally, it should be an over-the-counter drug. In 
addition to Eli Lilly, which developed enviroxime, other firms that have 
developed antirhinovirus compounds include: Wellcome Research, Smith 
Kline Beckman, Pfizer, Glaxo, Rhone-Poulenc, Sterling-Winthrop, Merrill 
Dow, and Imperial Chemical. None of their candidates have demonstrated 
adequate clinical efficacy. Other means of controlling the common cold 
are exemplified by the work of Elliot Dick in controlling transmission. 
Using virucidal facial tissues (paper tissues treated with 9.1% citric 
acid, 4.5% malic acid, and 1.8% sodium lauryl sulfate) he and his 
associates have demonstrated that viral transmission can be interrupted 
(16). The citric acid was the major component against rhinoviruses, 
malic acid was added for synergy, and sodium lauryl sulfate, a 
surfactant, provided added activity against paramyxoviruses. Volunteers 
experimentally infected with rhinovirus were confined for 12 hours in a 
room with healthy poker-playing partners who served as controls. In two 
experiments, all of the participants were given plain cotton handkerchiefs 
to use whenever they wished. In two other experiments, the participants 
were given virucidal tissues and instructed to use them carefully to 
smother all coughs and sneezes. In the handkerchief experiments, 42% 
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and 75% of the normals became infected, whereas none of the virucidal 
tissue experiment normals caught colds; a total of 14/24 versus 0/24. 
Although these results were quite striking, the experiments would have 
been more conclusive if the handkerchief volunteers had received the 
same instructions for use as the virucidal tissue experiment 
participants. 

Another approach to the treatment of the common cold has involved 
the use of zinc lozenges (17). A double blind, placebo-controlled, 
clinical trial was performed using zinc gluconate lozenges every two 
wakeful hours in patients with common colds. After seven days, 89% of 
37 treated patients were asymptomatic compared to 47% of 28 patients in 
the placebo group. The lozenges shortened the average duration of 
common colds by about seven days. Although the treatment group did fare 
better than the control group, there were several shortcomings in the 
study, including unpalatability and distortion of taste in many 
subjects. If these disadvantages can be overcome, zinc lozenges may 
prove to be a beneficial over-the-counter medication. 

The common cold was one of the first infections to be tested with 
interferon. It now appears, after many years of study, that this 
substance may have an effect against this disease. Recombinant alpha 
interferon is effective in postexposure of rhinovirus colds in a family 
setting. If family members used an interferon nasal spray within 48 
hours of onset of illness in an index case, respiratory infections could 
be prevented in family contacts (18,19,20). However, nasal congestion 
and blood tinged mucus or nasal mucosal bleeding were observed more 
frequently in the interferon group compared to placebo. Further work is 
warranted to make this a practical regimen for the prevention of 
colds. The current side effects and prescription status of the drug 
dictate against wide usage. 

2) Influenza: Amantadine remains perhaps the most effective and 
least toxic of all the antiviral agents. It has both prophylactic and 
therapeutic effects against influenza A infections. Its efficacy as a 
prophylactic agent was demonstrated in the mid-60s, but, for a variety 
of reasons, was not generally accepted by the medical community. Its 
importance was again demonstrated in the late 70s when clinical studies 
again proved its value not only as a prophylactic agent but also as a 
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therapeutic one (21). Another study showed 78% reduction in influenza
like illness and a 91% reduction in laboratory-confirmed influenza 
(22). Rimantadine, an amantadine analog, was introduced because of 
continuing concern about the effects of amantadine on the central 

nervous system (CNS). Rimantadine not only compared favorably as a 
therapeutic and prophylactic drug, it also had the advantage of no CNS 

effects. This compound was shown to be 65% effective in preventing 
influenza-like illness and to reduce laboratory-confirmed influenza by 

85% (22). 
A recent placebo-controlled, double-blind trial demonstrated that 

one dose of rimantadine, 200 mg/day, for five days was sufficient to 
produce a significant therapeutic effect against uncomplicated influenza 

A infection when treatment was initiated within 48 hours of the onset of 
symptoms (23). Although amantadine is an excellent agent against 
influenza A both prophylactically and therapeutically, rimantadine may 
evolve as the drug of choice. Once influenza A breaks out in a given 
community, the drug should be administered for the duration of the 

outbreak (generally 6-12 weeks) to those for whom influenzal illness may 
be a problem. Amantadine has been approved by the FDA for influenza A, 
and rimantadine will be submitted shortly for FDA review. 

Ribavirin has activity against both influenza A and B. However, 
the difficulty of administration, relative ineffectiveness against 

uncomplicated influenza, and relative toxicity of ribavirin make 
rimantadine the drug of choice. The relative merits of these drugs 
against influenzal pneumonia remain to be demonstrated. 

3) Respiratory Syncytial Virus: Ribavirin, a highly water-soluble 

nucleoside, is a broad spectrum antiviral agent recently approved by the 

FDA for aerosol treatment of respiratory syncyctial virus (RSV) 
infection in neonates (24). RSV is the major respiratory pathogen of 

infants and young children, and is responsible for a significant number 
of pediatric hospitalizations and intensive-care admissions each year. 
Infected infants were treated in a double-blind, placebo-controlled 

study with a 12-20 hour/day aerosol of either drug or water for 
approximately five days. The infants treated with ribavirin improved 

within three days with significant improvement by the fourth day 

compared to the controls. The treatment group also displayed less viral 
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shedding (25). However, a more effective drug or treatment regimen is 
s t i 11 needed. 

HERPES VIRUS INFECTIONS 
The greatest success of antiviral agents has been against herpes 

viruses. Perhaps this is due to the presence of a virus-specific 
enzyme, thymidine kinase, which offers an excellent target for antiviral 
agents. Of the six antiviral agents currently approved for indicated 
use by the FDA, four are directed against herpes virus. 

1) Herpes Infections of the Eye: Herpes eye infections are 
relatively common and quite debilitating. Since this infection lends 
itself to topical treatment, drugs that cannot be used systemically can 
be of value. The first antiviral drug approved by the FDA was 
idoxuridine for herpetic keratitis. Subsequently, vidarabine, 
trifluridine, acyclovir, bromovinyldeoxyuridine, and interferon all 
proved effective in treating herpes infections of the eye. The drug of 
choice appears to be trifluridine, but it is also one of the more 
expensive. The eye afforded the first opportunity for antiviral agents, 
for this same reason (an isolated organ), it may provide the first 
opportunity for combined therapy. Several studies have already 
demonstrated that trifluridine in combination with interferon and 
acyclovir combined with interferon are more effective than any 
agent by itself. 

2) Herpes Encephalitis: Vidarabine was the first drug that proved 
effective when administered systemically against this ongoing, life
threatening viral disease (5). But, subsequently, direct comparison 
studies indicated that acyclovir was the drug of choice (26). A major 
reason is the ease of administration of the drug. The necessity of 
rapid viral diagnosis is clearly evident. Patients treated early in the 
disease respond more favorably with fewer sequelae. Since the only 
accurate method for diagnosis is brain biopsy, a more suitable 

noninvasive rapid method is needed. 
3) Varicella-Zoster: This is a serious infection in normal 

patients, but it is quite severe and life-threatening in immuno
compromised patients. Again, at first vidarabine proved to be effective 
in treating these patients, but more recent studies comparing acyclovir 
to vidarabine showed that acyclovir was more effective in preventing 
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cutaneous dissemination, in reducing viral shedding and the appearance 
of new lesions, in healing existing lesions, and in shortening the 
median interval until the first decrease in pain (27). 2'-Fluoro-5-
iodoarabinosylcytosine (FIAC) was also compared to vidarabine in a 
randomized, double-blind study and reported to be superior to vidarabine 
in varicella-zoster patients (28). Analogs of FIAC (FIAU and FMAU) are 
also being studied. 

Bromovinyldeoxyuridine is a potent viral inhibitor ~ vitro against 

herpes simplex 1 and varicella-zoster. The drug seems promising based 

on initial clinical studies and these are now expanded to double-blind 

controlled trials. 
4) Neonatal Herpes: Since acyclovir proved more effective than 

vidarabine in the treatment of herpes encephalitis and varicella-zoster, 
a" comparison was made in neonatal herpes (29). A study in 182 infants 
with herpes simplex infections was recently completed; 87 received 
vidarabine (V) and 95 acyclovir (A). They were divided into three 
categories: 64 with eNS involvement, 43 with disseminated disease 
(DIS). and 75 with infection localized to the skin. eye or mouth 
(SEM). None of the SEM babies died at one year; 85% V and 93% A were 
developing normally one year post-infection. The mortality in neonates 
with CNS infection was 13% V and 8% A. and 37% V and 34% A were 
developing normally at one year. The highest mortality was in DIS 
disease: 50% V and 65% A, with only 23% V and 29% A developing normally 
at one year. Therefore, unlike with the previous two indications. there 
is no advantage for either drug; both drugs appeared equally effective. 

5) Oral/Genital Herpes: Acyclovir has been shown to prevent 
effectively reactivation of herpes in seropositive immunocompromised 
patients (30.31). It has also proven effective in speeding the 
resolution of symptoms and lesions of oral and genital herpes, but its 
effectiveness in recurrent episodes is limited. It has no effect on 
recurrence rate in those patients effectively treated for first episodes 
(32.33). Studies have been done on patients with severe and frequent 
recurrences where prophylactic dosages of two to five 200mg capsules of 
oral acyclovir were administered daily. Although these studies showed 
prophylactic efficacy, long-term usage must be approached with great 
caution. Further data are needed on long-term toxicity. development of 
resistant strains, and transmission of disease (34). 
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6) Cytomegalovirus: The compounds vidarabine and acyclovir 

have little or no effect against cytomegalovirus (CMV). However, the 
acyclic nucleoside structurally related to acyclovir, 9 - [2- hydroxy 
-1- (hydroxymethyl) ethoxymethyl) guanine (DHPG), does. Ten marrow 
transplant recipients with biopsy-proven CMV pneumonia were treated with 
DHPG (35). Viruria and viremia ceased in four days, and CMV was 

eliminated from respiratory secretions after a median of eight days, but 
only one patient survived the pneumonia. DHPG is proving more effective 

in other CMV infections, particularly in AIDS patients. These patients 
with CMV retinitis and gastrointestinal disease seem to improve with 

therapy, and the virus does recur after termination of treatment 
(36,37). 

Foscarnet has a broad anti-herpes spectrum, by inhibition of DNA 
polymerases. Preliminary data indicate that it has some beneficial 
clinical results with CMV infections. It has an affinity for the 
inorganic matrix of bone, with 10% being bound in adult animals and 30% 

in growing animals. Prospects for this drug against herpes infections 
do not appear high, but more information is needed. 

7) Epstein-Barr Virus: Because of the effectiveness of acyclovir 
against herpes simplex virus as well as varicella-zoster and its 

antiviral activity against Epstein-Barr virus ~ vitro, 31 patients with 
clinical and laboratory diagnosis of infectious mononucleosis were 

treated with the drug. A placebo-controlled, double-blind trial was 
performed in patients with symptoms for seven or fewer days. Although 

the acyclovir-treated group showed reduced viral shedding, there was no 
significant efficacy shown (38). 

ARENAVIRUS INFECTIONS 
Ribavirin is a broad spectrum antiviral agent against a wide range 

of DNA and RNA viruses including retroviruses. This activity is due to 
its resemblance to nucleosides. As stated above, it is approved by the 

FDA for use against respiratory syncytial virus in infants. But one of 
the more exciting uses of ribavirin is against arenaviruses. A study 
comparing the effectiveness of intravenous ribavirin versus convalescent 

plasma in the treatment of Lassa fever in Sierra Leone was reported 

recently (39). Lassa fever is a serious, often fatal, arenavirus 
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infection with insidious onset and a wide variety of signs and 

symptoms. The acute phase lasts one to four weeks, with death in 15-20% 
of hospitalized patients. Patients selected for this study were those 

with a much higher risk of death. A serum aspartate aminotransferase 
level equal to, or greater than, 150 units per liter had a case-fatality 
rate of 55%. Patients in this category, whose treatment with ribavirin 
was started within the first six days of onset of fever, had a case
fatality rate of 5%; if treatment was initiated seven days or more after 

the onset of fever, mortality rose to 26%. Viremia with levels equal 
to, or greater than, 103.6 TCID per ml on admission had a case-fatality 

rate of 76%. These patients, treated within the first six days of onset 
of fever, had a case-fatality rate of 9% compared to 47% if treated 

seven days or more post onset of fever. Oral ribavirin was also 
effective, but convalescent serum did not significantly reduce mortality 

nor increase the benefit of ribavirin when given concomitantly. 
Ribavirin has demonstrated some potential against Rift Valley fever 

virus, Hantaan virus (the etiological agent of Korean hemorrhagic 
fever), as well as Junin, Machupo, and Pichinde viruses. Ribavirin is 
also effective against viruses of the toga and bunya families. These 

insect- and rodent-transmitted viruses cause considerable morbidity and 
mortality worldwide. Clinical studies are currently under way in Korea 

against Hantaan virus. 

RETROVIRUS INFECTIONS--AIDS 
Retroviruses have a role in leukemia and other diseases, but the 

one of major current interest is AIDS, first reported in 1981. 
Scientists have risen to the challenge; within two years the etiological 

agent (HIV) was identified, and a year later a serological test was 
developed which could prevent transmission through blood products. 

Shortly thereafter, an antiviral agent, azidothymidine (AZT), was shown 
to have an in vitro inhibitory effect against HIV, and, as stated above, 

within 19 months clinical efficacy was shown and it was being 

distributed to specified AIDS patients. Although AZT has been 
demonstrated to prolong the life of AIDS patients, the rapidity of the 

studies have not allowed the opportunity to understand all the benefits 

and the problems of the drug. AZT is not without toxicity 
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(hematopoietic effect); this must be more fully understood. The role 
this drug may have against AIDS-related complex (ARC) still needs to be 
elucidated, and what effects, other than prolongation of life, this drug 

affords are currently under study. AZT represents a major step in the 
control of the disease and the advancement of antiviral agents, but more 
potent and/or selective compounds are needed. 

There are a number of other antiviral agents against AIDS currently 
under clinical study (40). The final answer is not yet available, but 

in descending order of potential are: interferon, ribavirin, foscarnet, 
suramin and HPA 23. In addition, there are several other compounds 
awaiting clinical trials, including immune modulators. Two of the more 

promising compounds just beginning clinical trials are dideoxycytidine, 
and dideoxyadenosine. 

CONCLUSION -----
The ideal antiviral agent is one that, in addition to being 

effective, is non-toxic or at least minimally toxic (high therapeutic 

index), is highly viral-specific, is able to reach the targeted organ, 
has a low frequency of induced drug resistance, does not inhibit 

immunological response, and preferably is able to overcome viral 
1 atency. 

Antiviral agents are becoming more widely accepted both by 

clinicians and by investigators as a field worthy of their endeavors. 
The number of compounds with clinical efficacy has grown slowly, but, 
with recent successes and with the increased interest caused by AIDS, it 

should grow more rapidly over the next few years. 
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acetaminophen, 282 
acid-stable, 343 
acidosis, 345 
acquired immunodeficiency syndrome, see AIDS 
active immunization, 321 
acute 

cerebellar ataxia, 133 
respiratory infections, 242 

ACV, see acyclovir 
acyclovir, 7,22,25,40,56,77,78,93,119,128,131,167,196,207,380,390 
l-adamantanamine hydrochloride, see amantadine 
adenine 

arabinoside, see vidarabine 
arabinoside monophosphate, 7,33 

adenosine 
deaminase, 165 
monophosphate, 136 

adenovirus, 352 
vaccine, 321 

adverse effects, 325 
aerosol, 11 

generator, 290 
treatment, 396 

aerosolized ribavirin, 327 
Agastache Folium, 325 
AIDS, 160,195,230,361,389 

-related complex (ARC), 401 
-related virus (ARV) , 361 

alopecia, 20 
alpha-interferon, 132,135,174 
altered polymerase, 218 
amantadine, 22,277,321,324,395 
aminoacyclovir, 198 
p-aminobenzaldehyde thiosemicarbazone, 17 
2-amino-2'-deoxy-9-S-D-ribofuranosyladenine, 352 
2-amino-9-(2-hydroxyethoxymethyl)purine, see deoxyacyclovir 
2-amino-l-(isopropylsulphonyl)-6-benzimidazole phenylketone oxime, see 

enviroxime 
2-amino-l,3,4-selenazole, 312 
2-amino-5-(2'-sulfamoylphenyl)-I,3,4-thiadiazole, 354 
anti-CMV immunoglobulin, 176 
anti-idiotypic antibodies, 350 
anti-picornavirus activity, 325 
anti-sense oligodeoxynucleotides, 365 
antiretroviral chemotherapy, 363 
antirhinovirus compounds, 248,394 
Apodemus agrarius, 312 
Ara-A, see vidarabine 
Ara-AMP, see adenine arabinoside monophosphate 
9-S-D-arabinofuranosyladenine, see vidarabine 
I-S-D-arabinofuranosyl-5-fluorouracil, see Ara-FU 
I-S-D-arabinofuranosylcytosine, see Ara-C 
Ara-C, 118,170 



Ara-FU, 172 
arenaviruses, 305,306,399 
Argentinian and Bolivian hemorrhagic fevers (AHF and BHF), 305,306 
arildone, 100,178,351 
aromatic mono- and diamidines, 351 
aspartate aminotransferase (AST), 309 
aspirin, 281 
assisted ventilation, 294 
asymptomatic carriers, 348 
AzddThd, see AZT 
3 '-azido-2 , ,3'-dideoxythymidine, see AZT 
azidothymidine, see AZT 
AZT, 366,391,400 
balanced electrolyte solutions, 346 
BDU, 155 
BIOLF-62, see DHPG 
blocking of 5'capping of messenger RNA, 307 
blood transfusion, 180 
blood-brain barrier, 378 
bone marrow 

depression, 20 
toxicity, 379 
transplant, 117, 203, 228 

bovine lecithin, 350 
brain biopsy, 49, 53 
Breda/Berne viruses, 344 
5-bromodeoxycytidine (BDC), 172 
bromodeoxyuridine, see BDU 
bromovinyldeoxyuridine, see BVDU 
(E)-5-(2-bromovinyl)-2'-deoxyuridine, see BVDU 
(E)-5-(2-bromovinyl)uracil, see BVU 
bronchiolitis, 318 
BVDU, 10,25,39,128,132,136,145,199,209,397 
BVU, 154 
calcium chelators, 354 
carbobenzoxyl leucylchloromethyl ketone, 354 
carbodine, 353 
carcinoma of the cervix, 91 
CD4+ (helper-inducer) T cells, 361 
CDP reductase, 372 
central nervous system (CNS) side effects, 283 
cerebrospinal fluid, 54 
chain terminator, 208 
chalcones, 245, 331 
chemoprophylaxis, 323 
chickenpox, 130 
4-(6-(2-chloro-4-methoxy)phenoxy)hexyl-3,5-heptanedione (arildone), 

178,208,351 
chronic 

lung disease, 300 
obstructive airways diseases, 260 
pulmonary disease, 318 

citric acid, 394 
CMV, see cytomegalovirus 

colitis, 230 
hyperimmune globulin, 201 
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immune plasma, 201 
pneumonitis, 161,201,228,318 
retinitis, 162 
-related syndromes, 183 

combination, 105,366 
drug therapy, 393 
medication, 266 
therapy, 61,332,356 

common colds, 242,394 
competitive inhibition, 370 
computed tomographic scan, 53 
congenital 

CMV infection, 169 
malformations, 133 

convalescent-phase plasma, 311 
coronaviruses, 344 
corticosteroid, 25 
coxsackie virus, 342 
Crimean-Congo hemorrhagic fever (CCHF), 305 
croup, 319 
crypt cells, 345 
crystallography, 391 
C-type murine retrovirus, 374 
cytarabine, 3,6,118 
cytidine deaminase, 373 
cytomegalovirus, 9,159,195,224,342,399 
cytosine arabinoside, see Ara-C 
ddCyd, see dideoxycytidine 
3-deazaguanine (3-DG), 305 
3-deazauridine (3-DU), 305,371 
deglycerolized blood, 180 
delayed hypersensitivity, 28 
dendritic 

corneal ulcers, 27,41 
keratitis, 41 

Dengue fever, 305 
deoxyacyclovir, 139,198 
deoxycytidine (dCyd) kinase, 370 
deoxycytidylate (dCMP) deaminase, 376 
1-(2'-deoxy-2'-fluoro-~-D-arabinofuranosyl)-5-iodocytosine, see FIAC 
2-deoxy-D-glucose, 98 
desiclovir, see deoxyacyclovir 
(S)-DHPA, 305,352 
DHPG, 160,200,208,399 
2,6-diamino-9-(2-hydroxyethoxymethyl)purine, see aminoacyclovir 
2,6-diaminopurine, 16 
diarrhea, 345 
dichloroflavan, 245 
4' ,6-dichloroflavan, see dichloroflavan 
dideoxyadenosine, 374,401 
2' ,3'-dideoxyadenosine, see dideoxyadenosine 
dideoxycytidine, 369,401 
2' ,3'-dideoxycytidine, see dideoxycytidine 
D,L-a-difluoromethylornithine, 179 
(lR)-(la,2~,3~,4a)-1(2,3-dihydroxy-4-hydroxymethylcyclopentyl)cytosine, 353 
9-(l,3-dihydroxy-2-propoxymethyl)guanine, see DHPG 
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(~)-9-(2,3-dihydroxypropyl)adenine, see (~)-DHPA 
dimethyl sulphoxide, see DMSO 
diphtheria-pertussis-tetanus (DPT) vaccines, 389 
disciform edema, 25,28 
DMFO, 179 
DMSO, 5,21,74,97,139,393 
DNA polymerase, 30,128,207,214 
drug 

combinations, 177 
prophylaxis, 181 
resistance, 35,122 

Ebola and Marburg hemorrhagic fevers, 305 
electroencephalogram, 53 
enteric viruses, 344 
enveloped negative-stranded RNA viruses, 305 
enviroxime, 245,263,394 
enzyme-linked immunoassays, 320 
epithelial keratitis, 27 
Epstein-Barr virus (EBV), 10,40,195,399 

mononucleosis, 318 
4 '-ethoxy-2-hydroxy-4,5'-dimethoxychalcone, 263 
1-ethylisatin-3-thiosemicarbazone, see methisazone 
experimental 

influenza virus infection, 298 
respiratory syncytial virus (RSV) infection, 299 

facial paralysis, 150 
FIAC, 136,171,200,398 
Filoviridae, 305 
2'-fluoro-5-iodoarabinosylcytosine, see FIAC 
5-fluorouracil-2'-deoxyriboside, 173 
focal hemorrhagic necrosis, 49 
foscarnet, see phosphonoformate 
FUdR, 173 
fulminant hepatitis B, 236 
gastrointestinal 

infections, 341 
tract, 344 

genital 
herpes, 21,389 
herpes simplex virus (HSV) infection, 87 
warts, 389 

geographic corneal ulcers, 32,42 
Glasgow COma score, 59 
glucuronidation, 378 
haematological malignancy, 195 
Hantaan virus, 312,400 
hemagglutinin, 278 
hemorrhagic fever with renal syndrome (HFRS), 305 
hepatitis A, 342 
hepatitis B, 342 

DNA polymerase, 223 
virus, 236 

herpes 
encephalitis, 7,49,397 
eye infections, 397 
keratitis, 19,25,390 
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simplex encephalitis, 7,49,397 
simplex keratitis, 4,25,147 
simplex labialis, 67 
simplex virus, 19,29,39,67,115,195,352 
simplex virus encephalitis, 7,49,397 
simplex virus type 2, 88 
viruses, 4.195 
virus DNA polymerases. 223 
whitlow. 21 
zoster. 21.1127 
zoster in the immunocompromised host. 135 
zoster ophthalmicus. 39.44.138.147 

herpetic keratitis. 4.25.147 
HIV. 11.234,361 
HPA-23. 391 
(~)-HPMPA, 173,219.352 
HSE, see herpes simplex encephalitis 
HSV, see herpes simplex virus 

esophagitis, 116 
encephalitis. 7.49.397 
mutants. 40 
pneumonia, 116 

HTLV-III, see HIV 
HuIFN-13, 255 
human 

T-lymphotropic virus, see HIV 
immunodeficiency virus, see HIV 
leukocyte interferon, 105 
retroviral infections. 361 

9-(2-hydroxyethoxymethyl) guanine, see ACV 
9-(2-hydroxy-1-(hydroxymethyl)ethoxymethyl) guanine. see DHPG 
(S)-9-(3-hydroxy-2-phosphonylmethoxypropyl) adenine, see (~)-HPMPA 
hydroxyurea, 371 
hypoxanthine arabinoside, 165 
idoxuridine. 4,17,29,40.54.76,97.118.129,170,390 
IDU, see idoxuridine 
IdUrd, see IDU 
IL-2, see interleukin-2 
immune modulators, 401 
immunocompromised patients, 8,115.129,134,160.390 
immunofluorescence, 320 
immunomodulating compounds, 235 
immunosuppression. 361 
influenza A 

and B virus infections, 294 
infections, 395 
virus, 277 

influenza 
HA, 332 
vaccines. 321,388 
virus, 318 

influenza pneumonia, 298 
inhalation, 289 
inosine monophosphate dehydrogenase, 332 
integrase. 365 
interferon, 129.173,245,324,354,391 
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alpha-2, 252,395 
beta-serine, 17,329 
inducers, 174 
recombinant, 208 

interleukin-2, 179 
intranasal administration of interferon, 254, 324 
5-iodo-2'-deoxyuridine, see IDU 
(E)-5-(2-iodovinyl)-2'-deoxyuridine, see IVDU 
isatin-3-thiosemicarbazone, see methisazonc 
IUdR, see IDU 
IVDU, 146 
Junin virus, Argentinian hemorrhagic fever virus, 305,306 
Lassa fever (LF), 305,306,399 
LAV, see HIV 
Legionnaires' disease, 389 
leukocyte interferon, 105, 246 
leukemia virus, 363 
levamisole, 102 
liposomes, 393 
L-lysine, 102 
5'-10ng terminal repeat (LTR) , 365 
lymphadenopathy-associated virus, see HIV 
lymphoblastoid interferon, 256 
lymphocytic choriomeningitis (LCM), 306 
Machupo virus, Bolivian hemorrhagic fever virus, 305,306 
mammalian DNA polymerase alpha, 367 
Mastomys natalensis, 309 
metaherpetic keratitis, 29 
methisazone, 3,17 
a-methyl-l-adamantanemethylamine hydrochloride, see rimantadine 
mithramycin, 179 
mitochondrial deoxyguanosine kinase, 209 
mixed infections, 345 
Moloney murine sarcoma virus, 377 
monensin, 351 
monoclonal antibodies, 271,331 
monocytes, 393 
M-protein, 278 
mucociliary clearance mechanism, 270 
mucocutaneous HSV infection, 119 
murine 

CMV, 168 
and avian retroviruses, 365 
leukemia L1210 cells, 377 

mutants, 216 
nasal epithelium, 264 
nasopharyngeal washes or aspirates, 320 
2'-NDG, see DHPG 
necrotizing stromal disease, 27 
neonatal herpes, 49,390,398 
neurologic dysfunction, 362 
neurotoxicity, 130 
neurovirulence, 218 
non-Hodgkin's lymphoma, 117 
nonlesional episodes, 106 
2'nor cGMP, 219 
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Norwalk virus, 344 
nosocomial transmission, 323 
novobiocin, 179 
olfactory 

bulb, 51 
tract, 50 

oligopeptides, 351 
ophthalmic herpes zoster, 39,44,138,147 
oral 

ACV, acyclovir, 79,94,120 
BVDU treatment, 148 
oral/genetial herpes, 398 

ozone, 393 
PAA, see phosphonoacetate 
PALA, 371 
parainfluenza, 277,324 

F proteins, 332 
virus type 3, 301 

paramyxoviruses, 394 
passive immunization, 323 
PEG, see polyethylene glycol 
penetration and/or uncoating, 277 
penetration-enhancing agents, 82 
penicillin, 1 
persistent neutropenia, 162 
PFA, see phosphonoformate 
pharmacokinetics, 152,247,278,335 

of AzddThd, 378 
3' ,5'-phosphodiester linkages, 367 
phosphonoacetate, 128,163,210 
phosphonoformate, 40,79,100,163,200,210,223,391 
plaque inhibition assay, 332 
Pneumocystis carinii pneumonia, 379 
pneumonia, 318 
polio, 342 
polyethylene glycol, 77,95 
polyinosinic:polycytidylic acid, poly (I.C), 174,355 
postherpetic neuralgia, 8,135,149 
preclinical testing, 332 
prodromal symptoms, 68 
prophylaxis, 80 

of influenza A, 279 
propylene glycol, 96,393 
pyrazofurin, 371 
pyrimidine nucleoside phosphorylases, 154 
rabies, 305 
Ramsey Hunt disease, 150 
rapid viral diagnosis, 320 
reactivated HSV infections, 117 
recurrent 

cutaneous herpes, 224 
episodes, 398 
genital herpes, 91,218,225 
herpes simplex labialis, 50 
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renal 
dysfunction, 121,237 
transplantation, 117,227 

resistance, 207,277,285,326,393 
respiratory syncytial virus (RSV) , 11,289,300,318,396 
respiratory tract, 290 

viral infections, 317 
retroviruses, 400 
reverse transcriptase, 364,391 
Reye's syndrome, 133,325 
rhabdovirus, 305 
rhinoviruses, 242,317 
ribavirin, 11,22,101,173,305,321,365,391 

aerosol, 289 
pharmacology, 307 

1-a-D-ribofuranosyl-l ,2 ,4-triazole-3-carboxamide, see ribavirin 
2-a-D-ribofuranosyl selenazole-4-carboxamide, see selenazole 
rifampin, 179 
rIFN-alpha-2, see interferon alpha-2 
Rift valley fever virus, 305,393,400 
rimantadine, 277,324,396 
rotavirus, 344,348 
rubella virus, 277 
screening programs, 391 
seasonal prophylaxis, 329 
secretory IgA antibody, 347 
selectivity index, 128 
selenazole, 306,353 
severe combined immune deficiency disease (SCID), 301 
simian varicella virus, 40 
smallpox, 3.17 

vaccination, 388 
sodium-5-aminosulfonyl-2,4-dichlorobenzoate, 353 
stomatitis, 20 
stromal keratitis, 42,43 
suramin, 391 
Symmetrel, see amantadine 
symptomatic treatments, 325 
synergistic effects, 267 
tat-III, 365 
temperature-sensitive mutants, 212 
TFT, 21,22,25,40,172,393 
therapeutic index, 260 
therapy of influenza A infections, 281 
throat swabs, 320 
thymidine kinase, 18,25,40,122,128,155,207,216,391 
thymidylate kinase, 210,374 
thymidylic synthetase, 30 
thymopentin, 81 
tiazofurin, 306 
tissue culture, 248 
TK, see thymidine kinase 
togavirus, 305 
topical 

acyclovir, 120 
administration, 327 
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agents, 393 
therapy, 139 

toxic shock syndrome, 389 
toxicity, 31 
traditional herbal remedies, 325 
trans-activator protein, 391 
transfer factor, 179 
transmissible gastroenteritis virus (TGEV), 347 
treatments for herpes labialis, 75 
5-trifluoromethyl-2'-deoxyuridine, see TFT 
trifluorothymidine, trifluridine, see TFT 
trigeminal ganglion, 51 
vaccination, 347,388 
vaccinia, 4 

lesions, 21 
virus, 16 
whitlow, 21 

varicella 
pneumonia, 133 
zoster, 8,390,397 
zoster immune globulin, 130,199 
zoster virus, 40,127,145,195 

vesicular stomatitis, 352 
vidarabine, 6,21,22,29,40,55,98,119,128,130,165,210,390 
villi, 344 
Vira-A, see vidarabine 
viral 

DNA polymerase, 164 
latency, 392 
polymerases, 224 
shedding, 106 
uncoating, 331 

virazole, see ribavirin 
viremia, 310 
virucidal substances, 323 
virus assembly, 277 
virus-coded proteases, 354 
virus receptor sites, 272 
volunteer testing, 333 
VZIG, see varicella zoster immune globulin 
VZV, see varicella zoster virus 

recombinant DNA vaccines, 200 
-DNA polymerases, 146 
-encoded thymidine kinase (TK) , 145 

Yellow fever, 305 
ZIG, see varicella zoster immune globulin 
zinc lozenges, 395 
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