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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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