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Antiviral agents for the control of viral diseases*
GEORGE J. GALASSO1
Infectious viral diseases are an important worldwide problem and as a result of
more efficient epidemiological studies and improved techniques of viral diagnosis
"new" diseases are periodically identified. More importantly, as we learn to control
cancer andperform tissue and organ transplants, the immunosuppressedpatient is at
greater risk ofviral infection. There are currently veryfew generally accepted antiviral
agents, but recent research efforts are encouraging. The status of the approved agents
and of those showing the greatest promise is discussed in this article.

With the success of antibiotics and vaccines, concern with infectious diseases in developed countries has been waning. Bacterial infections are largely under control; smallpox
has been eradicated (largely through the efforts of WHO); and poliomyelitis, measles, etc.,
are controllable through immunization. Nonetheless, infectious diseases, and particularly
viral infections, remain a major worldwide problem in terms of morbidity and mortality in
developed as well as developing countries.
If one excludes the major causes of mortality, i.e., cardiovascular disease, cancer, and
unnatural causes such as accidents, over 20% of the remaining deaths in a developed country such as the United States of America are due to infectious diseases. As to morbidity,
25% of all patients seeking medical care in the USA do so because of infectious diseases and
the percentages in developing countries are probably considerably greater. Thus, infectious
diseases, and more particularly viral diseases, remain one of the major causes of human
suffering and economic loss.
The most effective means of controlling viral diseases is by prevention through immunization. In those instances where vaccines are not available, or not used, the only means of
therapy is with antiviral agents. There are at present, however, only a few antivirals that are
internationally accepted. This is a result of several factors, the major one being the nature
of the infecting particle itself. A virus replicates intracellularly; in the extracellular state it is
essentially an inert substance. Once it enters the cell, it is able to take over many of the cell's
processes and cause it to become a factory for viral replication. Therefore, if an antiviral
agent is to be effective, it has to penetrate the cell and selectively inhibit viral replication
without affecting the cell's normal function. This is a feat that many considered impossible;
it was felt that it would be very difficult for such an agent not to interfere with normal cell
metabolism. This discouraged many scientists from investigating this research field. However, studies in the 1970s did much to dispel this attitude by demonstrating that antivirals
could indeed be used successfully in patients with serious virus infections, and there has
since been a renewed interest in the field.

APPROVED ANTIVIRALS
The few antivirals that are currently approved by national authorities and recognized
worldwide as effective antiviral agents include amantadine, iododeoxyuridine, adenine
* A French translation of this article will be published in a later issue of the Bulletin.
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arabinoside, and trifluorothymidine. Several other promising compounds currently under
study, including interferon, will be discussed later.
Amantadine
Amantadine presents an interesting story that demonstrates, in part, the resistance and
early scepticism of investigators and clinicians concerning antivirals. The excessive worldwide morbidity that occurs during influenza epidemics, and the accompanying increase in
related mortality, continue to defy attempts at control. Although vaccines are effective,
their effectiveness is compromised because, except in Japan and the USSR, they are generally not used to prevent epidemics but rather to prevent influenza in high-risk individuals.
Moreover, the effectiveness is further reduced because of the periodic drifts and shifts that
occur in the antigenic composition of the virus. Another problem is the tendency of immunized patients, and some clinicians, to attribute any severe respiratory infection to "the flu",
giving the impression that the vaccine was ineffective.
Thus, although immunization remains the most effective means of control, alternative
means of control are required for situations where the antigenic match between vaccine and
circulating virus is not perfect or when vaccines cannot be, or have not been, administered.
Antiviral agents can be useful in such circumstances.
One such compound is amantadine hydrochloride. The compound was first reported to
have antiviral activity against influenza A virus as early as 1963, and clinical studies
conducted with the drug led to approval by the Food and Drug Administration in the USA
in 1966 for use in the prevention of Asian influenza, H2N2. Shortly thereafter, an editorial
in the Journal of theAmerican MedicalAssociation expressed the opinion that the drug was
not as effective as it might be and that it had many undesirable side-effects. This editorial,
and the general scepticism about antivirals, resulted in reduced interest in the drug.
In 1968, Hong Kong influenza appeared (H3N2) and the FDA prohibited the manufacturer from selling amantadine for this outbreak since it had been approved only for H2N2
this in spite of the fact that the drug had been shown to be effective in vitro against all
available strains of influenza A virus. Further clinical studies were thus needed, but in view
of the difficulties- the resistance being displayed by clinicians and problems with the use of
a prophylactic drug- they were not pursued. However, since amantadine also had a beneficial effect in parkinsonism, manufacture for this use was continued. Studies in the USSR
in thousands of volunteers provided evidence supporting the prophylactic efficacy of amantadine and the lack of serious side-effects. Then, in 1976, with the threat of swine flu, and
the considerable amount of data on side-effects that had been accumulated from use of the
drug in thousands of patients with parkinsonism and other studies, the FDA approved the
drug for prevention and treatment of all influenza A virus infections.
However, habits and prejudice built up over the years were difficult to break; the drug
was still not accepted. The National Institute of Allergy and Infectious Diseases, in the
USA, therefore decided to do further studies when influenza A/USSR/77 (HINI)
appeared in 1978. During the initial outbreak in 1978-79, a double-blind, placebocontrolled trial in 286 college students was performed by Monto et al.° The study showed an
efficacy rate of 70.7% in the prevention of laboratory-confirmed clinical influenza.
Equally important were the data on side-effects. The study showed that if side-effects do
occur, they are seen in the first 48 hours of treatment; they are usually mild, and generally
include insomnia, lightheadedness or dizziness, difficulty in concentration, or drowsiness.
Careful investigation showed that the side-effects were no more severe than those experienced with many of the antihistamines that are freely available. The withdrawal rate in this
a MONTO, A. S. ET AL. Prevention of Russian influenza by amantadine. Journal of the American Medical Association, 241:
1003-1007 (1979).
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study was 6.2%.
The therapeutic value of amantadine was also studied by Gordon Douglas. When the
drug was administered in established influenza A virus infection, the improvement of
clinical illness and of pulmonary physiological dysfunction was accelerated.
After these and similar studies had indicated the value of amantadine, and because of a
certain reluctance on the part of clinicians to use it, the National Institutes of Health in the
USA held a conference on the subject. The data were reviewed by an impartial panel and the
findings were widely publicized. Briefly, the panel found that amantadine was useful,
should be used in the target population at the first real evidence of an outbreak of influenza
A in the community, and continued for the period of risk, approximately five weeks. As
noted, the drug is also useful in early treatment of influenza. Amantadine is still not widely
accepted outside the USA and the USSR.
More recently there has been increasing interest in an amantadine analogue, rimantadine.
Laboratory studies have demonstrated that it is just as effective as amantadine and clinical
studies have demonstrated that it is associated with fewer side-effects. Investigators in the
USSR feel that rimantadine is the drug of choice. Several studies are being conducted at
present in both the USA and the USSR " to evaluate and compare the two drugs.
A study comparing the therapeutic efficacy of amantadine and rimantadine in naturally
occurring influenza was reported by VanVoris et al.d Forty-five university students in
Michigan with proven HINI influenza A were randomly treated with either amantadine (14
students), rimantadine (19 students), or placebo (12 students). Improvement in the
amantadine group was observed within 24 hours; both the amantadine and rimantadine
groups showed significant improvement at 48 hours. Both drug-treated groups returned to
class earlier, required less aspirin, and shed less virus than the placebo-treated group. In this
study, both drugs were effective, but amantadine exerted a more rapid effect and was felt by
the investigators to be the drug of choice. The results of two recently completed studies in
the USA comparing the use of the two drugs for prophylaxis, and therapy, and the resulting
side-effects, support these findings and the publication of the data is eagerly awaited.

Adenine arabinoside

9-p-D-arabinofuranosyladenine (ara-A) is of particular interest because it was the first
antiviral agent to be approved by any national authority for the systemic treatment of a lifethreatening illness. The efficacy of this drug against herpes encephalitis proved by brain
biopsy has been unequivocally demonstrated. More recently, this drug was also shown to be
effective in the treatment of neonatal herpes, and a study has recently been completed to
evaluate its role against varicella zoster (shingles) in immunosuppressed patients.
The worldwide incidence of herpes encephalitis is not known. It is not a common disease;
however, it has a mortality rate as high as 70% with severe residual effects in a large percentage of the survivors. In the initial placebo-controlled study it was demonstrated that parenteral administration of ara-A reduced mortality from 70% to 28% with a concomitant
reduction in the debilitating neurological sequelae in the treated patients. However,
patients who were already in coma did not benefit from therapy.
Although the study was performed in a relatively small number of patients, the results
were statistically significant and sufficient for the drug to be approved for clinical use. The
study was subsequently continued, however, and the results in 75 cases proved by brain
b INDULEN, M. K. & KALININA, V. A. Studies on the antiviral effect and mode of action of the antiinfluenza compound
rimantidine. In: Collier, L. H. & Oxford, J. O., ed., Developments in antiviral therapy. New York, Academic Press, 1980.
C ZLYDNIKOV, D. M. ET AL. Study of rimantidine in the USSR: a review of the literature. Reviews of infectious diseases (in
press).
d VANVORIS, L. P. ET AL. Oral amantadine and rimantadine therapy of naturally occurring influenza A/USSR/77 HlNl.
Journal of theAmerican MedicalAssociation, 245: 1128-1131 (1981).
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biopsy were analysed.e The mortality rate was very similar to that in the original study; 67 %
of the treated patients were alive one month after onset of treatment. A survey of other
studies demonstrated that the survival rate of patients not treated with ara-A was 28%.
A one-year follow-up of survivors indicated that 53% were normal (30/56), 29% were
moderately debilitated (16/56), and 18/o were severely affected (10/56). Early diagnosis is
crucial for optimal effects, and it should be pointed out that clinical diagnosis without brain
biopsy is difficult. In the second ara-A study, 132 cases were clinically diagnosed; however,
only 75 (57%) were biopsy proven.
With the increasing incidence of genital herpes, neonatal herpes is becoming of greater
worldwide concern. Most of these infants acquire the infection from their mother immediately before or at the time of normal delivery. Three clinical manifestations usually occur
within one and two weeks of birth. Infection may be: disseminated, with multiple organ
involvement often including the brain; localized to the central nervous system (CNS); or
localized to the skin, eye, and/or mouth. Disseminated and localized CNS disease accounts
for over 75% of all neonatal herpes, with mortality rates of 82% and 40%, respectively. In a
recently completed study evaluating the efficacy of ara-A, the mortality observed was
somewhat higher. Mortality in infants with localized CNS disease was reduced from 50% to
1007.; with disseminated disease there was a reduction from 86% to 57%. When combined,
the overall mortality was reduced from 74%7o to 38%o. Mortality was not associated with
localized skin, eye, or mouth infections; however, severe sequelae occurred in 38%o of
placebo recipients in this category but in none of those on drug therapy!
A study to test the efficacy of this drug against herpes zoster (shingles) has not yet been
completely evaluated, but early review of the data appears to show beneficial effects.
One problem with this drug is its relative insolubility. It must be administered by slowdrip infusion, necessitating administration of large amounts of fluid. Therefore, a more
effective formulation is desirable. Adenine arabinoside monophosphate (ara-AMP) is
more soluble than ara-A and can be administered by injection rather than infusion, with
similar pharmacological distribution. Topical application of either ara-A or ara-AMP
against herpes genitalis or herpes labialis has yielded negative results; apparently the drugs
are not able to penetrate the skin to reach the affected cells.
Ara-A and Ara-AMP have both been reported recently to be effective against chronic
active hepatitis B, and in one instance sequential treatment with Ara-AMP and interferon
yielded the best results. Further controlled studies are required, however, to determine
efficacy.
Ointments containing iododeoxyuridine, adenine arabinoside, or trifluorothymidine
Herpes keratoconjunctivitis is a serious herpes simplex virus (usually HSV-1) infection
that affects 1 individual per 1000 and is a leading cause of corneal blindness. It is an
extremely painful disease which is readily diagnosed by characteristic branching dendritic
ulcers on the cornea that can be stained with fluorescein. Following the initial infection, the
virus may become latent; the exact mechanism is still not fully understood. Recurrences
occur in 26% of patients within two years of the initial episode and in 43 %7 of patients who
have suffered a second attack.
Because the acute episode is limited to the superficial cornea and lends itself to topical
treatment, there was less concern for toxicity and this resulted in approval being given for
the first time for use of a drug in the treatment of a viral infection. Iododeoxyuridine (IDU)
was first shown to be effective in 1962. However, it soon became apparent that IDU was not
e WHITLEY, R. J. ET AL. Herpes simplex encephalitis: vidarabine therapy and diagnostic problems. New England journal of
medicine, 304: 313-318 (1981).
f WHITLEY, R. J. ET AL. Vidarabine therapy of neonatal herpes simplex virus infection. Pediatrics, 66: 495-501 (1980).
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always clinically effective. The drug can lead to viral resistance, and ocular toxicity has been
observed.
Adenine arabinoside (ara-A) ointment was shown to be effective for the treatment of this
infection and its use was approved by the authorities in the USA in 1977. It is at least as
effective as IDU, and probably more so; it is especially useful in patients in whom IDU has
not been beneficial or in whom signs of ocular toxicity have been noted.
Trifluorothymidine (F3T) has also been approved by national authorities for treatment
of this disease. Considerable research on the efficacy of this compound has been performed
in the United Kingdom and the USA. Although it is difficult to recommend a drug of
choice, some studies indicate that F3T is the most effective, followed closely by ara-A, with
IDU the third choice.
Other compounds are available for treatment of herpetic keratoconjunctivitis but they
have not received the general acceptance of IDU, ara-A, or F3T. These include 5-ethyl-2'deoxyuridine, tromantadine HCI, and iododeoxycytidine. No reliable data on the efficacy
of these three compounds are available.
Although acute episodes of this infection can be effectively treated with IDU, ara-A, or
F3T, these compounds are not effective in recurrences. Once the virus has established
latency, the currently available antivirals are not able to eradicate the virus. Therefore, new,
more effective compounds are needed. Among the new compounds, acyclovir and (E)-5-(2bromovinyl)-2'-deoxyuridine appear to be the most promising, but their effectiveness
against the latent virus needs to be shown. Currently, treatment with interferon combined
with thermomechanical d6bridement of the diseased corneal epithelium or with F3T
therapy has proved to be more effective than any single therapy tested.
PROMISING ANTIVIRALS NOT YET APPROVED FOR GENERAL USE
Ribavirin

Ribavirin is a compound that has been shown to have a broad spectrum of activity against
RNA and DNA viruses in tissue culture and animal model systems. There was considerable
excitement when the drug was found to be effective against both influenza A and B; however, subsequent clinical studies yielded conflicting results. A recent double-blind placebocontrolled studyg clearly demonstrated that the drug, administered for 5 days at the rate of
100 mg/day, starting within the first 48 hours of clinical illness, had no effect. In addition,
the drug was more toxic than amantadine or rimantadine, inducing significant rises in bilirubin levels and reticulocyte counts. Therefore, its use as an orally administered drug
against influenza is no longer advocated although it is still being investigated as an aerosol
for use in more serious influenzal disease.
Of greater interest is its potential against arenaviruses. Laboratory studies in non-human
primates indicated that it has an effect against the agents of Lassa fever and Bolivian
haemorrhagic fever (Machupo virus), and against Pichinde virus. In 1978 a study was done
in Sierra Leone in conjunction with the Center for Disease Control (USA) and ribavirin
administered orally (1 g/day) to patients with Lassa fever had no effect. The monkey
studies demonstrated that intravenous or intramuscular administration at higher dosages
was effective in saving the animals even 7 or 8 days after infection with Lassa fever virus.
The results were even better when the drug was given in conjunction with immune plasma.
A randomized study was recently initiated in Sierra Leone; patients with aspartate aminotransferase levels greater than 150 U (who are at greater risk of death) will be treated orally
8 SMITH, C. B. ET AL. Lack of effect of oral ribavirin in naturally occurring influenza A virus (HINI) infection. Journal of

infectious disease, 141: 548-554 (1980).
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with either ribavirin alone or ribavirin plus injections of Lassa immune plasma. The ribavirin is administered as a 2-g loading dose followed by 1 g four times per day for four days,
followed by 0.5 g three times per day for six days. It is too early to predict the outcome of
the study, although the earlier animal studies were encouraging.
Interferon
Interferon remains the area of greatest general interest in the antiviral/anticancer field.
At one time there was a spate of articles, even in the lay press, about interferon; it was a
newly discovered miracle drug as far as the mass media were concerned. In reality, it has
been of scientific interest, primarily as an antiviral, for nearly 25 years. The reasons for this
long gestation period are well known to those in the field and will not be emphasized here,
other than to say that the development period has been interesting with many periodic
surges of activity.
Only since methods of production were developed that could provide ample supplies for
clinical studies has it really been possible to evaluate its potential. These, in turn, led to
many new findings on the mode of action and its potential in cancer therapy. This excitement has led to broader interests, and research in the last year or two has resulted in many
major findings and advances.
It should be stated at the outset that there is no real reason to believe that interferon is a
miracle drug. Most investigators in this field believe that it will have a beneficial effect in the
treatment of infectious diseases and cancer, but that it will simply be one more drug to be
considered among others. It may prove to be excellent for use in conjunction with other
chemoprophylactic/therapeutic agents, but there is no evidence of it being a "penicillin"
for virus diseases. On the other hand, with the advent of DNA recombinant techniques and
the expected large supply of cheap, highly purified interferon, clinical studies must be
encouraged to evaluate its potential.
One of the definite attributes of interferon is its relative lack of toxicity. It is not entirely
without side-effects, but these occur within a manageable range. Early hopes that further
purification would reduce these side-effects have partially been fulfilled, but there are some
effects, such as those on bone marrow and the production of fever, that have not yet been
eliminated.
The interferons are a group of proteins that can be induced in a number of cells by a
variety of agents, and which have the ability to render other cells resistant to infection by a
wide range of DNA and RNA viruses. In addition to the antiviral effect, interferons have
the ability to alter cell surfaces and to enhance or modulate the immune system. They can
stimulate macrophages and natural killer cells and they can inhibit cell proliferation-the
longer we study them, the more properties are identified.
Although interferons were first believed to be glycoproteins, recent studies indicate that
the protein component alone is sufficient to produce the effects. The use of specific antisera
has shown that there is a difference between leukocyte and fibroblast interferons (a- and 13interferon, respectively) as well as a difference between these two and immune interferon (yinterferon). DNA recombinant techniques have soon led to mapping of the interferon
genome and of the amino acid sequence of the interferon protein. These techniques have
also revealed that there are over 10 different types of a-interferon and probably multiple
types of P-interferon.
The earliest clinical studies were performed in 1969 and in the early 1970s against influenza and rhinovirus infections. Soviet scientists presented data which indicated that drops
of a formulation containing 1000 units/ml introduced intranasally were sufficient for
prophylaxis of influenza, whereas British and American scientists found that multiple doses
of high concentration were needed before any effect could be seen. Even a total of 1.4 x 10'
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units in 39 doses, as an intranasal spray, over a five-day period beginning prior to viral
challenge, was only partially effective. Small doses of interferon are currently available in
the USSR for use against influenza.
In the mid-1970s, the role of interferon against localized herpes zoster in immunosuppressed patients with malignancies was investigated. It was found that 3-30 x 106
units of interferon per day, in two doses, for a period of 5-8 days was able to decrease
spread within the primary dermatome, prevent cutaneous dissemination, decrease pain,
and reduce visceral complications, particularly at the higher dose. One of the major contributions of these studies, performed by T. Merigan at Stanford University, was the wealth of
data obtained on the pharmacology of interferon. This encouraged other investigators to
study interferon in chronic infections, including cancer. Notable among these are the
studies initiated in the mid-1970s by H. Strander, K. Cantell, and colleagues against osteogenic sarcoma. Owing to the scarcity of patients and the long-term follow-up required,
these studies are still going on and the role of interferon is still not clear. However, periodic
reports on the study look promising. Following reduction of the tumour load, the patients
are maintained on interferon for well over a year (3 x 106 units at least 3 times/week).
A three-year follow-up shows that twice as many patients are still alive in the interferon
treatment group in comparison with the control group. Although these results can only be
regarded as preliminary, they are sufficiently promising, when added to those in infectious
diseases, to encourage new studies on the use of interferon against cancer.
Such studies are being done worldwide and, in addition to osteogenic sarcoma, are
concentrating on multiple myeloma, lymphoma, melanoma, and breast cancer. Other
studies concern nasopharyngeal carcinoma, which is of particular interest in the Far East
and for which preliminary results are promising.
Although it is much too soon to draw any conclusions as to the role of interferon in
cancer, in general it appears that it does have a positive effect in 10-30% of the patients
with myeloma, lymphoma, melanoma, or breast cancer; however, once the therapy has
been completed the benefit does not appear to be permanent. Further studies with larger
numbers of patients, and higher doses for longer periods need to be done. The positive
results that have been seen so far have been in patients with soft tissue involvement rather
than in those with extensive disease in major organs such as liver and lung. As stated earlier,
the advantage of interferon is its relative lack of toxicity, and it may prove to be most
effective when used in conjunction with other therapeutic drugs.
Although our experience with interferon against infectious diseases started earlier, the
excitement in the cancer field has overshadowed these first studies. The results with
conditions such as zoster, herpetic keratitis, and warts are interesting and encouraging;
however, none are yet sufficiently impressive that routine treatment with interferon could
be recommended. The studies with respiratory diseases and shingles were mentioned
above. Major studies currently in progress concern the role of interferon in herpetic
keratitis, varicella, genital herpes, cytomegalovirus, and laryngeal papilloma (considered as
an infectious disease owing to the papilloma virus etiology).
The emphasis of the studies on herpetic keratitis and genital herpes is to determine
whether treatment of the primary infection has an effect on recurrences. It is not expected
that interferon will be able to eradicate the virus once latency is established, but it is hoped
that interferon may have a role in preventing recurrent infection.
It has been estimated that, in developed countries, approximately 1 child in every 5000
less than 15 years of age is receiving immunosuppressive drugs and is at high risk of varicella
infection. Among these immunocompromised children, 33% progress to visceral complications with 70o mortality. Studies are underway on the use of interferon for the prevention
and treatment of outpatients who cannot be given varicella immune globulin.
Other acute infections for which interferon is being investigated include adenovirus
conjunctivitis, CMV in renal transplant patients, warts, rabies, and Ebola virus infections.
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There have been a number of studies reporting the effect of interferon in chronic active
hepatitis B. This is an infection of worldwide importance, particularly in Africa and the Far
East, and it is estimated that there are approximately 176 million carriers in the world.
Approximately 10% of all cases of acute hepatitis B go on to chronic infection with
resultant sequelae of cirrhosis and, perhaps, primary hepatocellular carcinoma. It is, therefore, highly desirable to develop a means of eradicating the chronic condition. Reports on
the efficacy of interferon are conflicting. There were early reports that interferon alone was
effective; other reports indicated that the effect was transient. On the whole, these studies,
largely uncontrolled, indicate that interferon alone has some effect, primarily in women,
but that the benefits are insufficient for the therapy to be pursued as the treatment of
choice. Adenine arabinoside monophosphate (ara-AMP) appears to be generally more
effective and, at least in the hands of one investigator, sequential treatment of these patients
with ara-AMP and interferon yielded the best results. Controlled studies are required to
evaluate the role of ara-AMP alone and sequenced with interferon.
Recurrent laryngeal papilloma, although not common, is a serious infection which
requires frequent surgical treatment, in many instances every few weeks for several years.
There have been several case reports, initially from Sweden but subsequently from clinics
throughout Europe, Japan, and the, USA, indicating that interferon was effective in
decreasing the extensive papillomatosis; maintenance on interferon prevented growth.
These case reports are impressive, but a properly controlled study needs to be done to establish the efficacy and the role of interferon in this disease.
Although the foregoing discussion has centered on exogenous interferon, several studies
are in progress on the use of interferon inducers. There are those who maintain that
inducers are more practical than exogenous interferon. Initially the question of cost was
important; however, with modern techniques for interferon production, it is expected that
cost and availability will no longer be a problem. The remaining argument that inducers are
more potent immunopotentiators and that they induce all the various interferons, whereas
the cloned material is more specific, needs to be addressed. However, inducers are
uniformly more toxic than exogenous interferon.
or y-interferon. There
What has not been discussed here are the relative merits of a- ,
is considerably more experience with the a and f types; they do have some differences, such
as tissue tropism, but the differences are slight. The third type, y-interferon, may have
considerably different clinical potential, but this has yet to be demonstrated. Additional
questions concern the possibly deleterious effects of interferon in bronchial asthma,
rheumatoid arthritis, autoimmune diseases, etc. At the current rate of progress, many of
these questions will be resolved in the near future.

Acyclovir
One of the most promising antiviral agents currently under clinical investigation is
acyclovir.h It is of particular interest because it selectively inhibits replication of herpes
simplex viruses and should, therefore, be a less toxic drug. These viruses seem to be among
the most sensitive to treatment with antivirals, which is fortunate since they cause the widest
range of clinical illnesses, ranging from fever blisters to encephalitis and, as noted above,
genital herpes which is increasing in incidence.
Acyclovir is phosphorylated by a herpesvirus-specified thymidine kinase that does not
occur in uninfected cells. Animal studies have demonstrated its efficacy in treatment of a
variety of herpes simplex infections. Preclinical safety tests indicated mild and reversible
toxicity and no teratogenicity. Clinical studies are now under way against herpes encephalitis, neonatal herpes, shingles, and genital herpes.
h

9-(hydroxyethoxymethyl)guanidine.
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Bromovinyldeoxyuridine
An equally exciting compound in a much earlier stage of testing is bromovinyldeoxyuridine. It is also a very specific antiviral that is more effective against HSV-1 than HSV-2,
and which also appears to be effective against shingles. The selectivity of the drug appears
to depend on its conversion to the 5'-monophosphate by the viral-induced thymidine
kinase. Current studies in animals indicate that it stops progression of disease even after
symptoms have appeared. This drug has the advantage that it is quite effective by the oral
route. Clinical studies have been initiated in Europe; preliminary data indicate good results
against shingles.

Phosphonoformic acid
In 1974, it was demonstrated that phosphonoacetic acid (PAA) had broad anti-herpes
action, and results from animal studies were quite exciting. The drug was active against
ocular and genital herpes, herpes encephalitis, and cutaneous herpes infections and it
appeared to be more effective that ara-A, ara-C, IDU, and ribavirin, the four compounds
then known to have anti-herpes efficacy. However, safety/toxicological studies revealed
that the compound was retained in the bones of treated animals and interest subsequently
waned. A search for equally effective analogues was initiated and it was soon demonstrated
that phosphonoformic acid was equally effective and less irritating than PAA when applied
topically to the skin. Studies are currently under way in Sweden to evaluate the efficacy of
this drug against herpes labialis. The problem of bone retention needs further evaluation
before this drug can be used systemically.

Arildone
Arildone (4-[6-(2-chloro-4-methoxy)phenoxyhexyl]-3, 5-heptanedione) and chemically
related compounds represent a new class of antiviral agent that selectively inhibits the replication of some DNA and RNA viruses including herpes viruses, polioviruses, rhinoviruses,
picornaviruses, and respiratory syncytial viruses. It appears to inhibit viral uncoating, and
has been most effective in the model systems tested, if present prior to, or at the time of,
infection.
Other chemical agents of interest

Several compounds that are in limited use and/or under study should be mentioned.
5-ethyl 2'-deoxyuridine, tromantadine HCI, and iododeoxycytidine are available in Europe
for the treatment of ocular herpes infections; however, their clinical efficacy has not been
established. 2-Deoxy-D-glucose has been shown to inhibit some enveloped viruses in vitro,
but clinical efficacy has not been adequately demonstrated. An interesting, newly
synthesized pyrimidine analogue, 2'-fluoro-5-iodoaracytosine (FIAC), appears to have
good antiviral activity against herpes viruses in comparison with the other agents effective
against these viruses in in vitro tests. Studies are currently under way to evaluate its clinical
potential; although it has minimal cytotoxicity, studies to reverse its toxicity with
deoxycytidine are also being performed. Numerous nucleotide and nucleoside analogues
with antiviral potential are under study-too many to describe here. They have been
thoroughly reviewed by Shannon & Schabel.'As stated above, most of these compounds are
SHANNON, W. & SCHABEL, F. Antiviral agents as adjuncts in cancer chemotherapy. Pharmacology and therapeutics, 11:
263-390 (1980).
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effective against herpes viruses. However, the search for agents against RNA viruses
continues. One such compound is 2-amino-1-(isopropyl sulfonyl)-6-benzimidazole phenyl
ketone oxime. Based on extensive studies on the benzimidazoles by Igor Tamm, this
compound has been tested for its efficacy against rhinoviruses in the United Kingdom at the
Medical Research Council Common Cold Unit. Studies in organ cultures with various
serotypes of rhinovirus recently isolated from patients, demonstrated this compound to be
an efficient inhibitor of viral replication with a high therapeutic ratio. This, together with its
virus-specific mode of action and suitability for oral administration, suggest that it may
have potential for human chemotherapy against the common cold. Although there has been
considerable interest over the years in the value of ascorbic acid in the prevention of the
common cold, a careful review of all of the studies of its prophylactic and therapeutic
effects indicates that no benefit can be ascribed to the high doses advocated.
Two additional agents that should be mentioned are levamisole and methisoprinol. There
has been considerable discussion of these compounds, particularly the latter, which at first
was considered to be an antiviral agent; more recently it has been advocated as an immune
potentiator. It is assumed that both of these agents can be effective in the treatment of viral
disease by stimulating the immune system so as to augment the response of one or more of
its components. However, although these agents, particularly methisoprinol, have been
available for a number of years and the subject of considerable publicity, a careful review of
the literature does not show any clear evidence of their clinical efficacy.

CONCLUSIONS
The demonstration that certain antivirals can be used effectively in ongoing, serious
acute and chronic infections has led to the increased interest in the development and testing
of new antivirals. The need for such agents is clear, particularly in the developing countries,
e.g., for the treatment of Lassa fever, Ebola virus, and rabies. The list of viral diseases for
which antiviral agents offer hope is already extensive and the number of potentially useful
antiviral agents has been increasing at a satisfying rate in recent years. It is most important
that the cost of these agents is reasonable; the new techniques being developed should
certainly bring interferon within the price range that will make it more readily available.
Virology has progressed to the point where we no longer need to rely on serendipity for
the development of antivirals. Molecular virologists are now able to identify viral-specific
enzymes and proteins for which the chemists have the means of developing specific blocking
agents. A whole area of study that needs to be explored is combined therapy using agents
that affect different stages of viral replication. The potential for many clinically useful antiviral agents in the not-too-distant future is impressive.
WHO has taken the initial steps in becoming aware of the latest developments in this field
so that they may be applied expeditiously where most needed. However, great care must be
exercised in carefully reviewing the data to ascertain that claims of efficacy are not made
prematurely. As stressed in several instances above, although the prospects are encouraging, efficacy can normally be established only following adequately controlled studies. It
is, however, fully expected that within the next few years several effective antiviral agents
will be available to the worldwide community.

