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1. Introduction

During the past 2 years the efficacy of combina-
tion antiviral therapy has been demonstrated in
the treatment of individuals with a human im-
munodeficiency virus (HIV) infection. Several fac-
tors may influence the improved efficacy of
combination antiviral treatments as compared to
monotherapy. These include: synergistic or addi-
tive activity, penetration of combined drugs into a
more diverse range of body compartments, pre-
vention of antiviral resistance and targeting of

different steps in the viral replication cycle. More-
over, combination therapies, if synergistic, allow
for a reduction of potentially toxic components
thus, increasing tolerance and hopefully, compli-
ance. On the other hand, therapeutic options for
several virus infections are limited. Therefore, re-
search efforts remain aimed at improvement of
antiviral therapeutic options by designing and
developing new chemotherapeutic agents.

In 1995 and 1996, consensus symposia on com-
bination antiviral therapy were organized to re-
port developments in the field for a wide range of
viral diseases and in order to formulate consensus
statements. (de Jong et al., 1996, 1997). This* Corresponding author.
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review provides a summary of the third consensus
symposium1 convened by The Macrae Group
(New York) on combination therapy on Septem-
ber 7–9, 1997.

2. Current insights on combination antiviral
therapy

2.1. Emerging 6iruses

With developing molecular technologies, in-
cluding polymerase chain reaction (PCR), the
number of recognized human virus infections in-
creased during the past decade. Several viruses
have been identified on the basis of genome se-
quence even though in vitro isolation and serotyp-
ing has not yet been successful. Examples of such
viruses are the hepatitis E and G, Bayou virus and
the human herpesvirus-8. In addition, ecological
factors may influence the emergence of new virus

diseases. For example, the resurgence of Dengue
in Central and South America could have resulted
from ineffective mosquito control. Another exam-
ple is the deforestation in South America that has
been associated with virus diseases transmitted via
arthropods (Mayaro virus) or rodents (South
American hemorrhagic fever arena viruses such as
Machupo virus, the Guanarito virus and the Sa-
bia virus and Hanta viruses like the Sin Nombre
virus).

Currently, no effective therapy is available for
American hantaviruses or arena viruses, although
some success using ribavirin against Asian han-
tavirus infections (hemorrhagic fever with renal
syndrome) has been reported (Huggins et al.,
1991). Obviously, more research is required to
design specific antiviral agents against Hanta and
human arena viruses (Mahy, 1997).

2.2. Filo6iruses

Marburg (discovered in 1968) and Ebola (dis-
covered in 1976) viruses have been the cause of
several African epidemics with a high mortality
rate. The re-emergence of the Ebola virus after 19
years in Kikwit, New Democratic Republic of
Congo, Africa (1995) is not understood. The
reservoir has not been identified and phylogenetic
analysis indicates that an Ebola isolate from the
recent outbreak is virtually identical to the virus
that caused a similar epidemic in Yambuku, New
Democratic Republic of Congo, almost 20 years
earlier (Sanchez et al., 1996).

Filoviruses, like other hemorrhagic fever
viruses, cause a clinical syndrome characterized
by a short incubation period (4–10 days) and
high mortality rates. Currently, there is no known
specific treatment for filovirus infections and the
screening of compounds is difficult because of the
stringent biosafety requirements (level 4) for
filovirus research. For this reason, the US Army
Medical Research Institute uses other viruses with
a genetic and molecular organization similar to
the filoviruses as a screening model to predict
antiviral activity. Using paramyxovirus, a virus
phylogenetically related to the filoviruses, several
classes of candidate antiviral compounds have
been identified, including RNA dependent RNA

1 Members of the consensus panel were C.A.B. Boucher,
Utrecht University, Netherlands; D.A. Cooper, University of
New South Wales, Australia; G.J. Galasso, National Founda-
tion for Biomedical Research, USA; F. Hayden, University of
Virginia, USA; D.D. Richman, University of California, San
Diego, USA; S. Spector, University of California, San Diego,
USA; H. Thomas, St Mary’s Hospital, London, UK; R.
Whitley, University of Alabama, Birmingham, USA. The pre-
senters at the symposium were J. Huggins, US Army Medical
Research Institute of Infectious Diseases, USA; R. Whitley,
University of Alabama, Birmingham; S. Spector, University of
California, San Diego, USA; P. Griffiths, Royal Free Hospital
School of Medicine, UK; F. Hayden, University of Virginia,
USA; W. Bonnez, University of Rochester, New York, USA;
J. Brouwer, Rotterdam University Hospital, Netherlands;
D.D. Richman, University of California, San Diego, USA; S.
Vella, Instituto Superiore di Sanita, Rome, Italy; G. Moyle,
Chelsea and Westminster Hospital, London, UK; A. Haase,
University of Minnesota, USA; B. Kerr, Agouron Pharmaceu-
ticals Inc, USA; N. Cammack, Roche Discovery Welwyn, UK;
A. Mclean, Oxford University, UK; D.A. Cooper, University
of New South Wales, Australia; Y. Benhamou, Hopital de la
Pitie-Salpetriere, Paris, France.

The symposium was sponsored by the International Society
for Antiviral Research and the National Foundation for
Biomedical Research. Educational grants were provided by
Boehringer Ingelheim (Canada) Ltd.; Bio-Mega Research Di-
vision, Bristol-Myers Squibb Company; Pharmaceutical
Group, Hoffmann-LaRoche, Ltd.; Glaxo Wellcome and Pfizer
Central Research (UK).
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polymerase inhibitors and S-adenosyl-homocys-
teine-hydrolase inhibitors. Prophylaxis against
Ebola virus with this latter class of compounds
induces a 105–106-fold reduction in viral replica-
tion of the Ebola virus. Recently a new model was
created using immunocompetent Balb-C mice in-
fected with a mouse-adapted-Ebola-virus strain.
The resulting pathobiology is similar to that wit-
nessed in humans. In this model, prophylaxis with
S-adenosyl-homocysteine-hydrolase inhibitors ap-
peared promising. The efficacy of these com-
pounds in a primate model was poor due to
unfavorable pharmacokinetics. Presently, phar-
macokinetic and dose ranging studies with
modified S-adenosyl-homocysteine-hydrolase in-
hibitors are in progress.

In conclusion, the results from this new frontier
of research are encouraging and may pave the
road to an effective therapy against filoviruses.

2.3. Herpes simplex 6irus

For the treatment of herpes simplex virus
(HSV) infections several drugs are available: acy-
clovir, valaciclovir, penciclovir, famciclovir, fos-
carnet and cidofovir. Valaciclovir is the L-valyl
ester of acyclovir. The oral bioavailability of this
acyclovir prodrug is three to five times higher then
with the parent drug (Weller et al., 1993; Soul-
Lawton et al., 1995). The advantage of valaci-
clovir as compared to acyclovir is a lower dosing
frequency while the clinical efficacy of both drugs
for the treatment of mucocutaneous HSV mani-
festations is comparable. Penciclovir and its pro-
drug, famciclovir exhibit a similar antiviral effect
as acyclovir. Famciclovir, the diacetate ester of
penciclovir, was developed to improve oral
absorption.

Resistance to acyclovir has been reported al-
most exclusively in immunocompromised hosts
and particularly in patients with AIDS who have
less than 100 CD4+ lymphocytes/m l, receiving
chronic acyclovir treatment. Both acyclovir and
penciclovir require intracellular phosphorylation
to the active triphosphate derivatives. The first
step, the phosphorylation to the monophosphate
derivative, is catalyzed by the viral encoded en-
zyme thymidine kinase. Resistance against acy-

clovir and penciclovir is most frequently caused
by mutations in this enzyme, resulting in de-
creased efficacy of the monophosphorylation step
(Pottage and Kessler, 1995). Since both foscarnet,
a pyrophososphate analogue acting directly on
viral DNA polymerase and cidofovir, a
monophosphorylated cytosine analogue, do not
require viral thymidine kinase for activation both
drugs may be useful for therapy of acyclovir
resistant HSV strains.

In immunocompetent adults, the clinical mani-
festations of primary or recurrent mucocutaneous
HSV infections are self-limited but can be treated
effectively with antiviral monotherapy. Viral drug
resistance is a rare event in these patients. There-
fore, combination antiviral therapy is not indi-
cated for immunocompetent adults with a non-life
threatening HSV disease.

On the other hand, two serious clinical manifes-
tations of HSV are herpes neonatalis and HSV
encephalitis, associated with high morbidity and
mortality rates. Current monotherapies for these
manifestations of HSV are unsatisfactory. In ap-
proximately 5% of the babies with neonatal her-
pes infections of the CNS, the cerebrospinal fluid
(CSF) does not become HSV-PCR negative dur-
ing either acyclovir or vidarabine therapy for 10
days, or CSF becomes HSV-PCR positive after 10
days of treatment. In the same study it was shown
that 95% of patients positive for HSV DNA in the
CSF after 10 days of treatment experienced sig-
nificant morbidity and mortality (Kimberlin et al.,
1996). Currently, new trials are investigating the
efficacy of high dose acyclovir therapy and a
prolonged treatment period to assess mortality
and long term neurologic outcome in cases of
neonatal herpes.

Finally, combination antiviral treatment of
both HSV encephalitis and herpes neonatalis war-
rants evaluation.

2.4. Varicella zoster 6irus

Three drugs with comparable efficacy are avail-
able for the treatment of herpes zoster: acyclovir,
valaciclovir and famciclovir. However, in one
study it was shown that valaciclovir significantly
accelerated the resolution of herpes zoster-associ-



J.W.T. Cohen Stuart et al. / Anti6iral Research 38 (1998) 75–9378

ated pain and also significantly reduced the dura-
tion of post-herpetic neuralgia compared with
acyclovir (Beutner et al., 1995).

The use of sorivudine, another effective agent
against herpes zoster, has not been approved by
the US Food and Drug Administration (FDA)
due to potentially lethal drug interactions with
5-fluoro-uracil (Okuda et al., 1997).

The efficacy of concomitant administration of
acyclovir and prednisone has been investigated
(Whitley et al., 1996). In a placebo controlled trial
with 208 immunocompetent herpes zoster pa-
tients, a combination of acyclovir and prednisone
improved the quality of life endpoints (time to
return to uninterrupted sleep, time to return to
100% usual daily activity and time for cessation of
analgesic therapy). New trials may be performed
in order to test whether similar results of quality
of life improvements can be achieved administer-
ing high doses of valaciclovir or famciclovir with-
out subjecting patients to potential side effects of
corticosteroids.

In immunocompromised patients, herpes zoster
can be more severe, involving multiple der-
matomes, a large surface area of the skin and
dissemination. Combination antiviral treatment
may be a useful therapy for such patients. How-
ever, no clinical or laboratory data support this
hypothesis.

2.5. Cytomegalo6irus

The clinical manifestations of cytomegalovirus
(CMV) infections are diverse. In the immunocom-
petent host CMV infections generally are asymp-
tomatic, although some patients experience a
mononucleosis like syndrome. On the other hand,
congenital CMV infections may result in the clas-
sic cytomomegalic inclusion disease characterized
by hepatosplenomegaly, microcephaly and retini-
tis. The prognosis of symptomatic congenital
CMV is poor with a 10% mortality rate, mental
retardation and sensorineural hearing loss. Peri-
natal acquired CMV infection is associated with
interstitial pneumonitis (Boppana et al., 1997).

Immunocompromised patients may develop life
threatening CMV disease. Patients at greatest risk
are solid organ transplant recipients, allogeneic

bone marrow transplant recipients and HIV in-
fected individuals with fewer than 50 CD4+
lymphocytes/mm3. The most common clinical
manifestations are CMV pneumonitis in trans-
plant recipients and CMV retinitis in HIV-in-
fected patients. CMV infection in the
immunocompromised host may also involve the
central nervous system and the gastrointestinal
tract (Van der Meer et al., 1996).

In immunocompromised hosts, the optimal ap-
proach to CMV infections would be a reconstitu-
tion of the immune system. In the treatment of
HIV infected individuals, highly active antiretro-
viral therapy resulted in considerable immune re-
constitution, as measured by an increase in the
peripheral CD4+ T-cell counts. However,
whereas CMV retinitis in HIV infected individuals
almost exclusively occurred in patients with B50
CD4 cells/mm3, recently five HIV infected pa-
tients on antiretroviral therapy developed CMV
retinitis with CD4 counts \195 cells/mm3 (Ja-
cobson et al., 1997). These patients started an-
tiretroviral therapy 4–7 weeks before the
diagnosis of CMV retinitis and all had a CD4
count B85 cells/mm3 before initiation of the
antiretroviral treatment. However, similar obser-
vations have only been made on most rare occa-
sions since this report. Thus, it suggests this
original group of patients may have had a low
level disease not recognized by their health-care
providers.

Three drugs are licensed for the treatment of
CMV disease: ganciclovir, cidofovir and foscar-
net. These drugs all inhibit CMV DNA poly-
merase (Van der Meer et al., 1996). Intravenous
induction and maintenance therapy with each of
the three agents as monotherapy delays the me-
dian time to progression of CMV retinitis. Oral
administration of ganciclovir (3 g/day) as mainte-
nance therapy for CMV retinitis has been shown
to have similar results to those of intravenous use
of ganciclovir (5 mg/kg), although some studies
reported a slightly shorter time to progression
(Oral Ganciclovir European and Australian Co-
operative Study Group, 1995). High doses are
currently recommended.

Chronic maintenance therapy postpones but
usually does not prevent relapses of CMV retini-
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tis. Two factors may contribute to the failure of
maintenance therapy: suboptimal intraocular drug
levels during systemic therapy and the develop-
ment of viral resistance.

To overcome the first problem, CMV retinitis
may be treated by local therapies such as intraoc-
ular injections of ganciclovir and foscarnet or
with an intraocular sustained-release ganciclovir
implant. However, local therapies are not effective
in controlling disease of the contralateral eye or
extraocular CMV manifestations. In patients with
CMV retinitis receiving an intraocular device, it
was shown that the risk of developing CMV
retinitis in the contralateral eye was approxi-
mately 50 and 30% of the patients who developed
visceral CMV disease (Martin et al., 1994; Duker
et al., 1995; Marx et al., 1996; Charles and
Steiner, 1996). A combination of local and sys-
temic therapies may be required to curb both the
ocular and extraocular manifestations of CMV
infections.

Drug resistance is a major concern and is asso-
ciated with increased CMV viremia (Boivin et al.,
1996). Resistance to the three available drugs has
been reported. Moreover, viral strains cross-resis-
tant to the three available drugs have also been
isolated from selected patients (Lurain et al.,
1994; Baldanti et al., 1996; Van der Meer et al.,
1996; Chou et al., 1997; Grossi and Baldanti,
1997; Smith et al., 1997). Two genes of CMV have
been found to harbor the resistance mutations:
UL97, encoding a viral phosphokinase and UL54,
encoding DNA polymerase. Resistance to ganci-
clovir is conferred by point mutations in the
UL97 gene. Ganciclovir is phosphorylated to an
active nucleotide in CMV infected cells. The first
phosphorylation step of ganciclovir is catalyzed
by the UL97 encoded phosphokinase. Resistance
to ganciclovir can also be conferred by mutations
in the viral DNA polymerase (UL54). Amino acid
mutations conferring resistance to foscarnet and
cidofovir are exclusively located in the UL54
gene. Since foscarnet does not require phosphory-
lation and cidofovir is already monophosphory-
lated. Low-level ganciclovir-resistant isolates (8
mMBID50B30 mM) were associated with UL97
alterations following short periods of ganciclovir
treatment. High-level ganciclovir-resistant isolates

(ID50\30 mM) were associated with both UL97
and UL54 alterations and were cultured after
extended ganciclovir therapy. The ‘high level’ gan-
ciclovir resistant isolates were cross-resistant to
cidofovir (Smith et al., 1997). The emergence of a
virus resistant to ganciclovir seems to select for
strains with a diminished susceptibility to foscar-
net, suggesting cross resistance.

As a result of suboptimal intra-ocular drug
levels and the emergence of resistance with sys-
temic therapy against CMV retinitis, combination
antiviral treatment improves efficacy of treatment.
Moreover, combination therapy may prevent the
emergence of resistant viruses. On the other hand,
longer infusion times and enhanced toxicity can
be problematic. In a multi-center, randomized,
controlled trial, the efficacy of ganciclovir-foscar-
net therapy was investigated in 279 AIDS patients
with either persistently active or relapsed CMV
retinitis. Patients were randomized to therapy (in-
duction and maintenance) with either foscarnet or
ganciclovir or a combination of both drugs. The
mortality rate was similar among the three
groups. Comparison of retinitis progression re-
vealed that combination therapy was the most
effective regimen for controlling CMV retinitis.
The median times to progression of retinitis were
1.3 months in the foscarnet group, 2.0 months in
the ganciclovir group and 4.3 months in the com-
bination therapy group (PB0.001). However, no
difference in the visual acuity outcomes was ob-
served. Side effects were similar among the three
treatment groups, although combination therapy
was associated with the greatest negative impact
of treatment on quality-of-life measures (Studies
of Ocular Complications of AIDS Research
Group, 1996). Currently, the efficacy of combined
treatment with foscarnet and ganciclovir is being
investigated in the ACTG 228 trial.

In vitro studies have shown that the combina-
tion of ganciclovir and human monoclonal anti-
bodies (MSL109) has an additive inhibitory effect
on the replication of CMV in human fibroblasts
as compared to ganciclovir alone. The combina-
tion of foscarnet and MSL109 was found to be
synergistic in vitro (Pollard, 1996). A placebo-
controlled study comparing the efficacy of ganci-
clovir alone and in combination with monoclonal
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antibody (MSL109) showed increased survival in
patients treated with the combination (unpub-
lished data).

Combined administration of antiviral agents
may also be indicated since a beneficial effect of
monotherapy with ganciclovir, foscarnet or cid-
ofovir on the treatment of CMV colitis, CMV
encephalitis and CMV pneumonitis has not been
clearly established. Combined treatment with high
dose intravenous immunoglobulin and ganciclovir
for CMV pneumonitis in bone marrow transplant
recipients has resulted in conflicting results.
Whereas in two studies an improved survival was
observed (Emanuel et al., 1988; Reed et al., 1988),
another study reported that this combination has
limited value on the outcome of an established
cytomegalovirus pneumonia after marrow trans-
plantation (Verdonck et al., 1989). Nevertheless,
in some areas, combination of high dose intra-
venous immunoglobulin and ganciclovir is the
standard of care for CMV pneumonitis in bone
marrow transplant recipients.

Due to the limitations of the currently available
arsenal of antiviral drugs against CMV infection,
new drugs are being developed and evaluated to
improve therapeutic options. Lobucavir, adefovir
dipivoxil and 1263W94 are currently in clinical
investigation. The latter drug, a benzimidazole
ribonucleoside, is especially promising because it
targets a different site in CMV replication, in-
hibiting a terminase which clips the UL89 en-
donuclease before packaging of the virion.
Another new agent under investigation is
ISIS2922, an antisense nucleotide sequence com-
plementary to CMV messenger RNA. As a result
of its instability it can only be used for intra-ocu-
lar injections. The preliminary results with these
new drugs are encouraging and their use, either as
monotherapy or in combination with the
presently available agents, may be of great use in
the control of CMV disease.

2.6. Kaposi sarcoma herpes 6irus/human
herpes6irus-8

Kaposi’s sarcoma (KS) is considered to be an
angioproliferative disease associated with human
herpesvirus-8 (HHV-8) infection. HHV8 is also

known as the KS herpes virus (KSHV)(Chang et
al., 1994). The precise pathophysiology of the KS
lesion remains unclear. In situ hybridization stud-
ies have demonstrated the presence of HHV8
DNA in endothelial cells and spindle cells of KS
lesions (Staskus et al., 1997; Sturzl et al., 1997).
Because of its homology to the Epstein–Barr
virus it was initially believed that HHV-8 was
capable of cell transformation. However, it was
shown that KS lesions are a polyclonal cell prolif-
eration (Delabesse et al., 1997). A clue to the
pathophysiologic mechanism of KS lesions might
be HHV-8 genes encoding homologs to cellular
cytokines such as complement-binding proteins,
interleukin 6 (IL-6), dihydrofolate reductase, bcl-
2, interferon regulatory factors, IL-8 receptor,
neural cell adhesion molecule-like adhesin and a
D-type cyclin suggesting that the virus is capable
of controlling the cellular micro-environment
(Russo et al., 1996).

HHV-8 sequences have been detected in all
forms of Kaposi sarcoma as well as in the blood
and in saliva of patients with KS lesions (Koelle
et al., 1997). Longitudinal studies indicated that
the presence of HHV-8 in the blood is predictive
of the subsequent development of KS lesions
(Lefrere et al., 1996; Lennette et al., 1996).
Whether HHV-8 is present in semen is a contro-
versial issue and needs to be established. In addi-
tion to KS lesions, HHV-8 sequences have also
been detected in body cavity based lymphoma,
multicentric Cattleman’s disease, angioim-
munoblastic lymphadenopathy and pleural effu-
sion lymphoma. A reported association with
multiple myeloma is yet to be confirmed.

The route of transmission of HHV-8 remains to
be established. Epidemiologic studies in HIV in-
fected individuals with KS lesions suggest sexual
transmission (Gao et al., 1996; Kedes et al., 1996;
Lennette et al., 1996; Monini et al., 1996). Fur-
thermore, in the saliva of nine persons with past
or current KS lesions, infectious HHV-8 was
present, suggesting the possibility of oral trans-
mission (Vieira et al., 1997).

An understanding of the role that HHV-8 plays
in the pathogenesis of KS and other HHV-8
associated clinical conditions is crucial for the
development of better methods for prevention and
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therapy. The pattern of HHV-8 gene expression
suggests that most cells in KS lesions are latently
infected. Therefore, the utility of antiviral therapy
has to be established in patients that already have
KS lesions. Uncontrolled studies suggest a possi-
ble role for foscarnet in the prevention and remis-
sion of KS lesions. Using a culture system with
BCLB-1 cells derived from a peripheral effusion
lymphoma (Renne et al., 1996), the antiviral activ-
ity of several antiviral drugs was tested against
HHV-8. In vitro HHV-8 replication was inhibited
by foscarnet (IC50=80–100 mM), ganciclovir
(IC50=2.7–4 mM) and cidofovir (IC50=0.5–1
mM) but insensitive to acyclovir (Kedes and
Ganem, 1997). Prospective, placebo controlled tri-
als are currently being performed investigating the
efficacy of foscarnet for the treatment of KS.

Finally, highly active antiretroviral therapy
(HAART), containing two reverse transcriptase
inhibitors and one protease inhibitor, appears to
have a beneficial effect on KS lesions. However,
the long term effect of HAART on KS lesions
requires evaluation. The beneficial effect of
HAART on KS lesions might be due to reconsti-
tution of the cellular immune response. Addition-
ally, since the regulatory tat protein of HIV has
been shown to drive proliferation of KS spindle
cells in vitro (Barillari et al., 1993; Albini et al.,
1995), HAART may reduce tat expression thus
indirectly down regulating HHV-8 replication.

2.7. Hepatitis B 6irus

Acute infection with hepatitis B virus (HBV) is
generally asymptomatic but may manifest as jaun-
dice. Subsequent to acute illness, HBV infection
may become chronic in those patients that are
unable to clear the virus. These patients become
chronic carriers of HBV. World-wide, the number
of HBV carriers approximates 600 million. After
an asymptomatic stage of generally 20 years,
chronic HBV infections may lead to serious clini-
cal complications, including cirrhosis and hepato-
cellular carcinoma. The risk of developing chronic
HBV infection after the acute illness depends on
the age and immune status at the time of acute
infection, among other factors. More than 90% of
the neonatal HBV infections become chronic, in

contrast to less than 5% of adult acquired HBV
infections. Immunocompromised patients have a
20–40% risk of developing chronic hepatitis.
Polymorphisms in the MHC class II alleles have
also been shown to influence the clinical outcome
of HBV infections (Thursz et al., 1995; Thursz,
1997).

HBV related liver damage is mainly due to
immune mediated mechanisms directed against
infected hepatocytes. Since no effective therapy
exists for the acute phase of HBV infections, the
goal of treatment is clearance of the virus in
patients with chronic HBV infections by virus
suppression or boosting the immune response.

Currently, the only approved drug for the treat-
ment of HBV infections is interferon-a (IFN-a).
The mechanism of action of IFN-a is unknown
but the immunoregulatory and anti-inflammatory
properties, as well as the antiviral activity of this
cytokine, may play an important role. In patients
infected at an adult age with HBV, 15–40% had a
sustained response to administration of IFN-a. A
poor response rate has been observed in patients
with minimal hepatitis often seen after perinatal
infection and in immunocompromised individuals.
Factors predicting a sustained response to IFN-a
therapy are: low serum HBV-DNA concentra-
tions at the onset of treatment, high alanine
aminotransferase (ALT) serum levels, adult ac-
quired HBV infection and histologic signs of ac-
tive inflammation on a liver biopsy and female
gender (Anderson et al., 1986; Boivin et al., 1989;
Brook et al., 1989).

Administration of IL-12 may be beneficial for
patients with chronic HBV infection. IL-12 is an
important cytokine against intracellular patho-
gens. This cytokine promotes cell mediated cyto-
toxicity and development of T helper cells of Th1
type, which produce IFN-g and IL- 2. An increase
of bioactive IL-12 and Th1 cytokines has been
observed in patients who cleared HBV and sero-
converted to anti-hepatitis Be (Rossol et al.,
1997). Clinical trials investigating the beneficial
effect of IL-12 in chronic hepatitis are currently
ongoing. Since the Th2 cytokines IL-4 and Il-10
have been shown to inhibit the Th1 mediated
responses the effect of down regulating or block-
ing IL-4 and IL-10 in addition to IL-12 therapy is
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currently being explored in a hepadna virus wood-
chuck model.

Lamivudine, 3%-thiacytidine (3TC), a nucleoside
analogue and reverse transcriptase inhibitor with
anti-HIV activity, causes a rapid decline in HBV
DNA but viremia is observed when therapy is
discontinued (Dienstag et al., 1995; Benhamou et
al., 1996; Nevens et al., 1997). In a 6 month dose
ranging study comprising 51 patients, lamivudine
was well tolerated and induced sustained suppres-
sion of HBV replication. However, two patients
developed temporary hepatic decompensation
when treatment was discontinued (Nevens et al.,
1997). The data from this study support investiga-
tion of lamivudine treatment of longer duration at
a dosage of 100 mg once daily. The rapid rebound
of viremia after discontinuation of lamivudine
treatment can be explained by the stability and
persistence of the covalently closed circular inter-
mediate of HBV DNA (cccDNA), which may
serve as a template for transcription when treat-
ment is withdrawn. Only lysis of infected cells will
eliminate the ccc HBV DNA intermediate, eventu-
ally leading to eradication of the virus.

Famciclovir, the well-absorbed oral form of
penciclovir, exhibits an inhibitory effect on HBV
replication in animal models (duck HBV) and
humans. In a double-blind controlled pilot study
of famciclovir a fall of \90% in HBV DNA
levels was noted in six of 11 evaluable patients
treated with a 10 day course of oral famciclovir
(Main et al., 1996). Further studies with more
prolonged famciclovir therapy for chronic hepati-
tis B infection are ongoing.

Reinfection of the graft after liver transplanta-
tion secondary to chronic HBV infection is a
major problem. Recurrent hepatitis is observed in
virtually all HBV DNA-positive patients prior to
transplantation. Famciclovir and lamivudine have
been administered as a maintenance therapy. The
initial experience with these agents in liver trans-
plant recipients has been promising. A number of
studies are currently underway to determine
whether these drugs are able to prevent post-
transplant HBV recurrence.

Development of drug-resistant viral mutants
during monotherapy with lamivudine and famci-
clovir has been observed (Ling et al., 1996; Tip-

ples et al., 1996; Bartholomew et al., 1997).
Reduction in susceptibility to these agents appears
to be conferred by specific mutations in the HBV
polymerase gene and is associated with viral
breakthrough during treatment. Drug resistance
may be prevented by combination treatment.
However, further studies are required to investi-
gate more intensively the efficacy of lamivudine
and famciclovir monotherapy and to assess
whether combination treatment, either with two
antiviral agents or with antiviral and immunoreg-
ulatory drugs, is more effective.

Co-infection of HIV and HBV is frequently
observed. To date, treatment of HBV infections in
HIV infected individuals has not been studied
intensively. Several studies involving small num-
bers of patients showed that IFN-a therapy in
HIV/HBV co-infected individuals results in a
poor therapeutic response (Marcellin et al., 1993;
Pol et al., 1994; Wong et al., 1995; Zylberberg et
al., 1996). Currently, studies evaluating the effect
of lamivudine on HBV infection in HIV infected
individuals are ongoing (Benhamou et al., 1996).

Finally, studies of viral dynamics indicate that
the half life of the HBV virion is less than 1 day
but the half life of infected cells is between 10 and
100 days (Nowak et al., 1996; Zeuzem et al., 1997)
The half life of the infected cells is inversely
related to the peak ALT, suggesting that in those
patients with the most active inflammatory liver
disease the half life of the infected cells is shortest
(10 days). In patients with active disease, eradica-
tion of HBV infected cells would require approxi-
mately 1 year of therapy, in the case of complete
suppression of viral replication. However, for
those with inactive disease the half life of HBV
infected cells is in the order of 100 days. Eradica-
tion of HBV infected cells in those patients is
estimated to require treatment for many years.
Theoretically, patients with minimal to moderate
inflammatory activity may benefit from combined
administration of viral suppressive agents and
aspecific stimulants. These non-specific immunos-
timulants, like IL-12, might be combined with the
administration of various viral antigens to create
an antigen specific stimulation of the immune
response.
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2.8. Hepatitis C

The prevalence of hepatitis C (HCV) in the
Western World is 0.2–1.5%. Following acute in-
fection as many as 85% of the patients become
chronically infected. HCV infections are generally
asymptomatic during the first two to three
decades but may then be followed by cirrhosis,
liver decompensation or primary liver cancer. In
general, chronic HCV infection leads to cirrhosis
in at least 20% of patients within two decades
after infection. The rate of progression is highly
variable. In a large study assessing the natural
history of HCV infections, three independent host
factors were associated with an increased risk of
developing cirrhosis: age of infection \40 years,
daily alcohol consumption of 50 g or more and
male sex (Poynard et al., 1997). In the same study,
the median estimated duration of infection before
progression to cirrhosis was 30 years, ranging
from 13 years in men infected after the age of 40
to 42 years in women who did not drink alcohol
and were infected before the age of 40. Having all
three risk factors was associated with a 30%
chance of developing cirrhosis in 30 years while
no cirrhosis develops in 50 years in patients hav-
ing none of the risk factors. In another study,
histologic evaluation demonstrated that the de-
gree of fibrosis present in a liver biopsy predicts
the chance of developing cirrhosis in the ensuing
decade. Low grade fibrosis was associated with
slow progression whereas all patients with septal
fibrosis and incomplete nodularity developed cir-
rhosis within 10 years (Yano et al., 1996). Because
of the variability in clinical outcome of chronic
HCV infections, it is important to identify pa-
tients that may benefit from treatment.

According to the British management algorithm
(Booth et al., 1995) and the 1997 NIH consensus
statement on the management of HCV, patients
eligible for interferon treatment are those at great-
est risk for progression to cirrhosis. These patients
are characterized by elevated ALT levels, positive
serum HCV RNA and on the liver biopsy, fibro-
sis, moderate inflammation and necrosis without
cirrhosis. A liver biopsy is recommended before
initiation of therapy to stage the hepatitis and
exclude other causes of liver injury. This approach

has now been used for 3 years in West London
and reproduces these results seen in controlled
trials (Foster et al., 1997).

Currently, the drug of choice in the treatment
of HCV infections is IFNa. The efficacy of IFNa

therapy is measured as normalization of serum
ALT and loss of serum HCV RNA. Several stud-
ies have investigated the efficacy of IFNa treat-
ment in patients chronically infected with HCV.
Studies using IFNa at a dose of 3 MU three times
a week for 6 months reported a sustained bio-
chemical response rate (normal ALT levels 6
months after withdrawal of therapy) of 15 to 20%
(Carithers and Emerson, 1997; Farrell, 1997; Lee,
1997). At the end of the treatment period, 27–
35% of the patients had undetectable HCV RNA
levels. At 6 months after withdrawal only 8–12%
of the patients had undetectable HCV RNA lev-
els. The response rate in cirrhotic patients has
been reported to be lower. Prolonged treatment
during 12 months showed a similar initial re-
sponse as the 6 month regimen but there was a
2-fold sustained response rate of biochemical ab-
normalities of 19–42% determined 6 months after
cessation of treatment (Farrell, 1997; Foster et al.,
1997; Lee, 1997). Therefore, the 12 month regi-
men is recommended.

Three major factors influence the success of
interferon therapy: the amount of HCV RNA
present in the blood at the start of treatment, the
virus genotype (subtype 1a and 1b are associated
with low sustained response rate) and evidence of
cirrhosis. When cirrhosis is present the response
to interferon treatment is poor (Schalm et al.,
1997a,b). The initial response to therapy is impor-
tant for the long term outcome (Kakumu et al.,
1997). In a study of 300 patients in Europe less
than 1% of the patients with detectable HCV
RNA levels after 4 weeks of treatment achieved a
sustained response.

With regard to the low response rate and high
relapse rate associated with interferon monother-
apy, the efficacy of combined antiviral treatment
is currently being investigated. To date, the most
attention has been focused on the combined ad-
ministration of interferon with the guanosine ana-
logue ribavirin. Ribavirin can be administered
orally and is well tolerated. Ribavirin monother-
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apy studies have shown that ribavirin significantly
reduces ALT levels but relapses occur in all cases
when therapy is withdrawn. The HCV RNA levels
do not seem to decline. The mechanism of action
of ribavirin is not well understood. The major side
effect of ribavirin is hemolytic anemia. Several
studies (Brillanti et al., 1994; Schvarcz et al., 1995)
and a meta-analysis of individual patient data
from Europe (Schalm et al., 1997a,b) demon-
strated that combined treatment of interferon and
ribavirin during 6 months results in an increased
(40–50%) sustained response rate (ALT and HCV
RNA levels) after treatment withdrawal as com-
pared to interferon monotherapy, both in inter-
feron naive patients and in patients with a relapse
after interferon monotherapy. There was no sig-
nificant difference with respect to tolerance be-
tween the combination and interferon
monotherapy. These data indicate that the combi-
nation of interferon and ribavirin for the treat-
ment of chronic HCV is promising and new data
on this combination are evolving.

Finally, the development of improved antiviral
agents for HCV is obvious. Unfortunately, there
is no in vitro culture system or animal model for
HCV but novel agents may be designed based on
the structure of viral targets. In addition, several
cytokines and immunomodulators have under-
gone limited study. Combination of antiviral and
immunomodulatory agents may play an impor-
tant role in finding a way to control hepatitis C
infections.

2.9. Respiratory 6iruses

The respiratory viruses constitute a large and
varied group of several species that cause upper
and lower respiratory tract disease in humans.
The spectrum ranges from the mild common cold
to a potentially lethal disease, especially in high
risk populations such as the elderly, young in-
fants, patients with chronic pulmonary obstruc-
tive disease and immunocompromised patients.
Respiratory viruses have a considerable impact on
morbidity and medical expenditures.

Currently, only three antiviral drugs are avail-
able for the treatment of respiratory virus ill-
nesses: amantadine, rimantadine and ribavirin.

The first two agents can be used for the preven-
tion and treatment of influenza type A infections.
Ribavirin can be administered for severe RSV
infections of the lower respiratory tract but is of
questionable value. The therapeutic results are
unsatisfactory. Because of the limited therapeutic
options new drugs directed against respiratory
viruses are being developed. However, prevention
of respiratory virus infections is cheaper than
treatment, more feasible and has a higher success
rate.

Three classes of antiviral agents directed against
picornaviruses are currently under investigation:
capsid binding agents, soluble recombinant inter-
cellular adhesion molecule-1 (sICAM-1) and 3C
protease inhibitors. Based on in vitro results the
latter class of agents appears to be promising but
clinical trials using 3C protease inhibitors have
not yet been performed.

Capsid binding agents exert an early antiviral
effect by binding to the hydrophobic pocket
within VP1 of the capsid of picornaviruses. Two
phase II trials have been performed with the
capsid binding agent VP63843 (pleconaril). In a
double blinded placebo controlled challenge trial
VP63843 was orally administered 14 h before
inoculation of susceptible volunteers with cox-
sackie A21 virus. This so-called ‘cold’ virus pri-
marily causes a respiratory tract infection.
Administration of the drug was continued for 6
days at a dosage of 200 mg bid. The proportion of
individuals with significant nasal mucus produc-
tion was reduced from 63% in the placebo group
to 0% in the VP63843 group. Symptoms and
febrile reaction as well as viral replication in the
upper respiratory tract were also reduced (unpub-
lished data).

In another placebo-controlled phase II trial the
effect of VP63843 for enterovirus meningitis was
investigated. In 39 adults with acute meningitis
having a CSF white blood cell count of \5
cells/mm3 and CSF PCR positive for enterovirus,
a substantial beneficial effect was observed in the
VP63843 recipients as compared to the placebo
recipients. Time for resolution of headache was
reduced by 64% and the duration of use of anal-
gesics was reduced by 54% (Weiner et al., 1997).
Further studies investigating the efficacy of this
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agent in aseptic meningitis are ongoing and
VP6834 is available on a compassionate use basis
for other enteroviral syndromes. Approximately,
80 of 100 types of rhinoviruses are susceptible in
vitro to this agent. Pleconaril is a promising drug
for early treatment of respiratory virus infections.

Another antiviral agent against picornaviruses
which has been studied is soluble truncated
ICAM-1. ICAM-1, a member of the immunoglob-
ulin supergene family is a 55 kDa glycosylated
cellular protein which has five extracellular im-
munoglobulin like domains. The primary function
is to bind b-integrins, particularly LFA-1, in im-
mediate cell to cell interactions. However, ICAM-
1 is also the cellular receptor for 90% of the
rhinovirus serotypes. Recombinant soluble trun-
cated ICAM-1, representing the extracellular do-
mains of ICAM-1 can serve as a competitive
antagonist for rhinovirus binding. In vitro studies
demonstrated that truncated sICAM-1 specifically
inhibits rhinovirus replication. Intranasal applica-
tion of truncated sICAM-1 (tICAM453) pre-
vented rhinovirus infections in chimpanzees
subsequently challenged with infectious rhinovirus
serotype 16 (Huguenel et al., 1997). Furthermore,
in a placebo controlled trial, 177 susceptible vol-
unteers were challenged with rhinovirus 39. The
subjects were treated with sICAM-1 or placebo.
Subjects were dosed six times daily for a duration
of 7 days beginning either 4 h (prophylaxis model)
before or 12 h (early treatment model) after the
virus inoculation (total dose 4.4 mg). Infection
rates were similar between placebo and sICAM-1
group. The frequency of common cold develop-
ment was reduced by 34%. Furthermore, the
symptom score and the nasal mucus weight were
significantly reduced in the sICAM-1 treated
group by 45 and 56%, respectively. No difference
was observed between the early treatment and the
prophylactic group (Turner et al., 1997). These
data indicate that use of sICAM-1 reduces sever-
ity of symptoms of rhinovirus induced respiratory
tract infections. More research is required to in-
vestigate the optimal dose and dosing frequency
and to develop a formulation that allows less
frequent administration dosing.

A new agent has been proved efficacious for
influenza A and B virus infections: GG167 (4-

guanidino-2,4-dideoxy-2,3-dehydro-N-acetyl neu-
raminic acid), zanamivir, a sialic acid analogue
which inhibits the viral neuraminidase. Neu-
raminidase is essential for escape of virus from
infected cells and it may also reduce the inactiva-
tion of virus by respiratory secretions. Zanamivir
was synthesized based on computer analysis of the
crystal structure of neuraminidase (Von Itzstein et
al., 1993). The agent has a highly selective antivi-
ral activity against numerous influenza A and B
viruses in vitro (Woods et al., 1993; Thomas et al.,
1994). Pharmacokinetic studies in humans and
animals have shown that the oral bioavailability is
poor and the half life in humans is only 1.7 h. In
a placebo controlled challenge trial, intranasal
administration of zanamivir is safe and effective
for both prevention and early treatment of experi-
mental infection with influenza A/Texas/91
(H1N1). Compared to the placebo group a 95%
reduction in the occurrence of febrile illness was
observed in the zanamivir group. Early treatment
reduced peak viral titer by 2 logs, reduced the
median duration of viral shedding by 3 days and
the frequency of febrile illness by 85% (Hayden et
al., 1996). Finally, a large randomized placebo
controlled trial in the US and Europe using topi-
cally administration of zanamivir was performed
(Hayden et al., 1997a,b). In this study two routes
of administration (dry powder inhalation and a
nasal pump spray) were used. The subjects were
randomly assigned to one of three treatment arms
within 48 h of onset of influenza like symptoms:
zanamivir intranasal spray+zanamivir inhalation
powder, placebo spray+zanamivir powder or
placebo by both routes. For 262 volunteers with
documented influenza virus infection, the median
duration of symptoms was one day shorter (4
versus 5 days) in both zanamivir treated groups
(173 patients) as compared to the placebo group
(89 patients). In general the symptoms of the
influenza were mild. An analysis of patients hav-
ing serious symptoms (fever) showed a more sub-
stantial difference between placebo and zanamivir
groups. When therapy was initiated within 30 h
after the onset of symptoms in febrile patients, the
median time to alleviation of symptoms was 3
days shorter in the zanamivir group as compared
to the placebo group (4 versus 7 days, PB0.01).
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Nasal swabs showed significantly lower viral titers
in both zanamivir groups. As a result of these
encouraging results, additional phase III trials
have been undertaken.

Since topical administration of antiviral drugs
may present problems in certain populations like
young infants and the elderly, there are efforts to
develop oral neuraminidase inhibitors. Pharma-
cokinetic and efficacy studies have been per-
formed with the oral neuraminidase inhibitor
GS4701 (Ro-64-0802) which has been shown to
have high and sustained plasma levels in humans
following oral administration of the prodrug
GS4104 (Ro-64-0796) (Wood et al., 1997). In a
placebo controlled, double-blind study using
GS4104 as an early treatment of experimental
influenza infections in 80 susceptible volunteers,
GS4104 treated subjects had lower virus titers, a
shorter duration of virus shedding and a shorter
time to cessation of influenza symptoms (Hayden
et al., 1997a,b). These promising data warrant
investigation of GS4104 for the prevention and
treatment of natural influenza.

2.10. Papilloma 6iruses

Human papilloma viruses (HPVs) cause benign
tumors (cutaneous warts, anogenital warts and
condylomata acuminata) and are occasionally re-
sponsible for malignant tumors such as
squamous-cell carcinomas. Currently, most thera-
peutic options comprise destruction of the af-
fected tissue by cytotoxic ablation (podophyll-
otoxin, trichloroacetic acid and 5 fluoro-uracil),
surgical ablation, cryotherapy or laser therapy.

Since IFNa is known for its immunomodula-
tory and antiviral properties, efficacy has been
tested in the treatment of anogenital warts and
orolaryngeal papilloma. However, interferon
treatment by either the topical, intralesional or
systemic route did not result in a high level of
cure rate of warts. High recurrence rates were
observed indicating that HPV infection is not
eradicated (Beutner and Ferenczy, 1997).

Recently, a new drug has become available for
treatment of anogenital warts: imiquimod. This
immunomodulatory drug has been demonstrated
to induce IFNa in both animal and human blood

cells in vitro. Moreover, imiquimod also induces
TNF-a and enhances the cell mediated cytotoxic
response. The efficacy of imiquimod 5% cream
was investigated in a multicenter, randomized,
placebo controlled trial of 209 patients with geni-
tal warts. After 16 weeks of treatment and 12
weeks of follow-up the imiquimod treated group
had significantly higher clearance rates than the
placebo group (50 versus 11%). The major side
effects of imiquimod as compared to placebo were
itching (22 versus 7%) and erythema (67 versus
24%) (Beutner and Ferenczy, 1997). These data
indicate that imiquimod may be usable as a first
line treatment for anogenital warts. As compared
to topical podophyllotoxin, imiquimod cream ap-
pears more effective in females but not in males
and is associated with fewer side effects (unpub-
lished data). However, podophyllotoxin is less
costly and a allows shorter duration treatment.

Another therapy for condylomata acuminata
currently being investigated is an injectable colla-
gen gel containing 5-fluorouracil (30 mg/ml) and
epinephrine (Accusite), which achieves high con-
centrations of 5-fluorouracil at the site of injec-
tion. The gel is applied intralesionally. In a
randomized, double blinded study, the efficacy of
the 5-fluorouracil/epinephrine gel was compared
to 5-fluorouracil gel and the gel itself (placebo)
(Swinehart et al., 1997). Lesions were injected
once a week for up to 6 weeks. Injection of the gel
was associated with pain, burning and stinging in
97% of the patients. In the group treated with
fluorouracil/epinephrine gel, the complete re-
sponse rate (CR) was 61%. In the group treated
with fluorouracil gel without epinephrine the CR
rate was 43% and in the placebo group 5%. The
recurrence rates in the patients with complete
responses were 50 and 58% for the 5-fluorouracil/
epinephrine group and the 5-fluorouracil group,
respectively. No systemic reactions were observed.
The results suggest that the injectable 5-fluorou-
racil/epinephrine gel is a promising tool in the
treatment of condylomata acuminata.

The quest for new antiviral agents against
HPVs is ongoing. A phase I/II open label trial,
using a topical cidofovir (HPMPC) containing gel
in the treatment of HPV associated warts in HIV
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positive patients, showed that after 2 weeks of
observation 23 of 46 (50%) patients had partial
wart clearance and seven patients (15%) had a
complete response (Van Cutsem et al., 1995). The
results warrant further clinical evaluation of topi-
cal cidofovir in the treatment of anogenital warts.
Recently an antisense DNA compound directed
against the E1 gene start codon of HPV6 and
HPV11 has been shown very promising results in
a mouse model. The E1 gene is responsible for
DNA replication and for maintenance of viral
episomal DNA. Finally, testing of therapeutic and
prophylactic vaccines has been performed in ani-
mals the results of which are promising and may
be important in controlling HPV associated
diseases.

2.11. Human immunodeficiency 6irus

During the past 2 years, a considerable body of
evidence has been collected proving the superior
efficacy of combination treatments for HIV in-
fected individuals as compared to monotherapies.
For antiretroviral naive patients, combined treat-
ments with two reverse transcriptase (RT) in-
hibitors and one protease inhibitor result in
sustained undetectable levels of plasma HIV RNA
(B500 copies/ml) in a majority of the patients for
up to 2 years. One study showed that 85% of the
patients with prior zidovudine therapy had re-
duced levels of HIV RNA to less than 500 copies
per milliliter for as long as 1 year following
treatment with a combination of indinavir, zi-
dovudine and lamivudine (Gulick et al., 1997).
The combination of two RT inhibitors and one
protease inhibitor has become the standard of
care for the treatment of HIV infected individuals.

Currently, a considerable arsenal of potent an-
tiretroviral agents is available and new com-
pounds are in development. The following
nucleoside analogue RT inhibitors are licensed in
the US: zidovudine, lamivudine, zalcitabine, di-
danosine, stavudine and the non-nucleoside RT
inhibitors nevirapine and delavirdine. Protease in-
hibitors available include saquinavir, ritonavir,
indinavir and nelfinavir. Compounds currently
under clinical evaluation are: ampenavir, abacavir
and efavirenz. Clinical studies evaluating and

comparing the efficacy of several combinations of
three, four and even five antiretroviral agents are
currently in progress. In addition, studies are on-
going to evaluate whether, after an induction
phase with three or more antiretroviral agents,
complete viral suppression can be sustained by a
less toxic and cheaper maintenance regimen of
only one or two agents. Finally, a study is in
progress investigating whether initiation of treat-
ment immediately after primary HIV infection is
more beneficial than starting treatment at a later
stage of HIV infection.

Insight into the viral dynamics of HIV infection
has contributed to the understanding of the favor-
able results of combined treatment as compared
to monotherapy. The plasma levels of HIV RNA
are in quasi-steady-state as a result of a dynamic
equilibrium of rapid rates of virus production and
clearance (Ho et al., 1995; Wei et al., 1995; Perel-
son et al., 1996). Perturbation of this equilibrium
by the introduction of potent HIV therapy results
in a decline of the HIV RNA levels in a biphasic
pattern. The initial phase shows a rapid drop of
virus level by (2 logs) 99% in the first 10 days of
therapy. With mathematic modeling, the half life
of the virus is approximately 6 h and the half life
of productively infected lymphocytes is about 1.5
days. The daily virus production is estimated at
109–1010 virions. About 99% of virus production
is attributable to activated infected CD4+
lymphocytes. The compartment of productively
infected CD4 lymphocytes is depleted after about
10 days of complete viral suppression. Then, a
decrease is observed in the HIV RNA decay rate
and a second decay phase begins which varies in
duration between 1–4 weeks until HIV RNA
disappears below the limit of detection. This sec-
ond phase has a slower rate of decline and has
been attributed to the survival of latently infected
cells or antigen presenting cells such as macro-
phages. The extracellular virus trapped by the
follicular dendritic cells of the germinal centers
offers an alternative source for this second phase
decay. Based on the duration of this second phase
of decay calculations suggest that extinction of
HIV would require 1–3 years. These calculations
were based on the assumption of the absence of a
third phase attributable to persistently in-
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fected cells and the assumption that the number
of latently infected cells is between 108 and 1012.

Theoretically, due to the high daily production
rate of viruses and the high mutation rate of
HIV-RT (3×10-5 nucleotides per replication cycle
or one mutation per HIV genome), continuous
generation of mutations occurs daily including
those that confer drug resistance (Coffin, 1995).
In untreated patients the presence of pre-existent
HIV variants with one drug resistance mutation
has been demonstrated. However, viruses with
three or more drug resistance mutations theoreti-
cally do not pre-exist in untreated patients. Thus,
virus variants resistant to a triple combination of
drugs are unlikely in untreated patients, creating
an important argument for combination treat-
ment with three agents. As compared to
monotherapy, combined treatment will also in-
crease the efficacy of viral suppression, thus pre-
venting the emergence of new drug resistance
mutations. Drug resistance to a combination of
agents will not develop as long as viral replication
is completely inhibited.

Several studies have been performed investigat-
ing the effect of combined treatment with two RT
inhibitors and one protease inhibitor on the pres-
ence of HIV in different body compartments.
Although patients may achieve undetectable
plasma HIV RNA levels (below 50 copies/ml) for
up to 2 years, HIV RNA is still detectable in the
lymphoid tissue of these patients after 6–12
months of treatment (Cavert et al., 1997; Wong et
al., 1997a,b). However, a reduction in the amount
HIV RNA per gram lymphoid tissue of 3–5 logs
was documented after 6–12 months of treatment.
No multiply spliced HIV mRNA, indicative of
active viral transcription, could be detected in
lymph nodes of patients with uninterrupted ab-
sence of viremia (B50 copies/ml), suggesting
complete viral suppression. In one study, HIV
recovered by co-culture from the lymphoid tissue
from two patients with uninterrupted unde-
tectable HIV RNA levels during 1 year of triple
therapy, revealed no evidence of evolution to-
wards phenotypic or genotypic resistance. In con-
trast, in those patients with mono or dual therapy
or triple therapy with dose interruptions, that had
even the slightest plasma viremia after 1 year of

treatment (\50 copies/ml) a high lymphoid tissue
virus burden was detected and associated with the
presence of multiply spliced HIV mRNA and
genotypic and phenotypic resistance, reflecting
ongoing replication (Wong et al., 1997a,b). In
conclusion, persistent replication in the presence
of antiretroviral selective pressure appears to re-
sult invariably in the selection of drug resistant
variants.

The effect of highly active antiretroviral ther-
apy on the compartment of latently HIV infected
lymphocytes has also been investigated (Chun et
al., 1997). Using an ultra sensitive co-culturing
system, HIV has been recovered from peripheral
blood mononuclear cells from patients who had
plasma HIV RNA levels less than 50 copies/ml
for up to 2 years. However, by sequence analysis
of the co-cultured virus no new drug resistance
mutations were detected and phylogenetic analysis
revealed no discernible evolution as compared to
baseline virus (Finzi et al., 1997; Wong et al.,
1997a,b). These data indicate that complete HIV
suppression by highly active antiretroviral therapy
is feasible but that long term viral latency is a
major barrier for HIV eradication if only an
antiretroviral strategy is used. Future strategies
for HIV eradication may include a combination
of potent antiretroviral agents with immunomod-
ulatory drugs that may accelerate the decay of the
latently infected cell compartment.

The impact of highly active antiretroviral ther-
apy on the immune system has been intensively
investigated. Several studies have demonstrated
transient improvement of immunologic parame-
ters with nucleoside and protease monotherapies.
The transient nature of the improvement probably
reflects the only temporary virologic effect and
therapeutic failure of these regimens. Highly ac-
tive combination therapies seem to result in a
more pronounced and sustained improvement, al-
though complete normalization of the immuno-
logic profile is not achieved. An issue of concern
is to what extent complete immune reconstitution
is possible. The observed rise in CD4 cells upon
initiation of antiretroviral therapy is predomi-
nantly caused by an increase in the memory
(CD45RO+ ) CD4 cells and only a small increase
of naive (CD45RA) CD4 cells. This suggests that
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reconstitution of the naive CD4 cell population is
a very slow process as is the case in bone marrow
transplant recipients (Autran et al., 1997). More-
over, reconstitution will be entirely dependent on
sustained substantial viral suppression.

3. Conclusion

In the past years, progress in the field of antivi-
ral therapy has been considerable. On the other
hand, no treatment is available yet against some
viruses, such as the filoviruses. For several other
virus infections, such as chronic hepatitis B and C
and the respiratory virus infections, therapeutic
options are still limited. To expand therapeutic
options many research efforts are invested in the
design and discovery of new, improved, genera-
tions of antiviral agents, which may be used as
monotherapy or in combination with other antivi-
ral agents or immunoregulatory drugs. The results
are encouraging. The improved efficacy of com-
bined antiviral treatment as compared to
monotherapy has been thoroughly established in
the treatment of HIV infected individuals. In ad-
dition, evidence accumulates indicating that com-
bination treatment leads to improved antiviral
efficacy in other viral infections as well.
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