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Viral Respiratory Infections Due to Rhinoviruses: Current

Knowledge, New Developments

A. Mark Pendrick

Viral respiratory infections (VRIg) are among the most common reasons for which primary care
providers are consulted. VRIs due to rhinoviruses--the most commonly implicated etiologic
agent—constitute a syndrome characterized by signs and symptoms of a cold. Rhinoviruses have
been implicated in respiratory tract flnesses such as sinusitis and otitls medls, as well as lower
espiratory complications in high-risk populations. Most patients treat VRI with over-the-counter
remedies that have been demonstrated to produce marginal clinical benefits. The development of
novel antiviral agents has intensified interest in VRIs. Pleconaril, a capsid-function inhibitor cur-
rently under FDA review, has been shown in ¢linical trials to reduce the duration and severity of
rhinovirus VRis. By targeting the cause of illness, antiviral agents represent an opportunity o
reduce the substantial clinical burden of VR Furthermore, effective therapies can polentially re-
duce inappropriate antibiotic use for viral infections.
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INTRODUCTION

Viral respiratory infection (VRI) is the most commonly
occurring illness in humans. The pathogens primar-
ily associated with respiratory infections include pi-
cornaviruses, coronaviruses, adenoviruses, parainflu-
enza viruses, influenza viruses, and respiratory syn-
cytial viruses,”

The VRIs due to rhinoviruses constitute a syndrome
characterized by signs and symptoms of a cold, or
rhinosinusitis, Rhinorrhea, nasal congestion, and sore
or scratchy throat are the most common presenting
symptoms. Other less common symptoms include
cough, sneezing, hoarseness, facial pressure, ear full-
ness, headache, and, less often, malaise and fever.
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Despite the high incidence, substantial attributable
morbidity, and the tremendous drain of VRI on pro-
ductivity, these infeclions do not receive a great
deal of attention when compared with other clinical
conditions, primarily because of the lack of effec-
tive treatments,

The purpose of this article is to discuss the impact of
VRIs; describe the most common organism associated
with these infections, the rhinovirus; and review
symptomatic therapy for VRIs (eg, herbal and homeo-
pathic remedies). Finally, specific antiviral therapies
that are under investigation are discussed.

PICORNAVIRUSES: THE MOST
COMMON CAUSE OF
VIRAL INFECTION

The picornaviruses together constitute the most com-
mon causes of infections in humans in the developed
world, The rhinoviruses, a genus of the family Picor-
naviridae, are the most frequent pathogens involved
in VRIs.! Picornaviruses are very small (“pico,” ap-
proximately 27-30 nm in diameter) riborucleic acid
viruses consisting of a simple viral capsid and a single
strand of RNA. The capsid contains four proteins,
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VPI-VP4, arranged in 60 repeating protomeric units
in an icosahedron (Fig. 1).* The discovery of the
three-dimensional atomic structure of certain rhinovi-
ruses was crucial to the development of apecific anti-
viral agents®

THE IMPACT OF VIRAL
RESPIRATORY INFECTIONS

The VRIs are among the most common infections for
which primary care providers are consulted. Depend-
ing on the source reporting, preschool-aged children
experience, on average, five to seven colds per year,
but 10% to 15% of children in this age group have at
least 12 colds per year.* The incidence decreases with
age to an average of 2 to 4 per year by adulthood*®

The National Institute of Allergy and Infectious Dis-
eases of the Natlonal Institutes of Health estimates
that as many as 1 billion colds occur annwally in the
United States. Although survey data are available,
they vastly underestimate the scope of the problem.
For example, survey data collected in 1996 by the Na-
tional Center for Health Statistics reported 62 million
cases of colds requiring medical attention, 27 million
of which occurred in persons younger than 17 years.”
There were approximately 22 million days of missed
school, 20 million days of missed work, 148 million
days of restricted activity, and 45 million bed-ridden
days.” Recently, Gonzales et al® reported that there
were 25 million office visits to primary care providers
for nonspecific upper respiratory tract infections,

Protein Cont / Capsld

> Protumear

VPy {genome-finkad protein)

Fig. 1. Three-dimensional structure of a picornavirus,
Pieornaviruses are very smail {approximately 27-30 nm
in diameter} ribonuciele acid viruses gonsisting of &
simpte viral capsid and a single strand of RNA. The cap-
sid containg four proteins, VP1-VP4, arranged in 80 re-
peating protomaric units in an icosahedron, {Adapted
from Romero.?)
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These data should be considered the mintmum impact
statistics for the cold.

Direct medical costs associated with VRI are este
mated to be approximately $16.8 billion annually (eg,
physician visits $6 billion, complications $3.8 billion,
prescription and over-the-counter medications $4.8
billion, other costs $2.2 billion).” Indirect costs, mostly
measured as lost wages, approximate $7.6 billion per
year. The vast majority of colds are self-treated®

Perhaps just as important, upper respiratory tract
infections represent one of the most frequent reasons
for inappropriate and excessive antibiotic use in the
United States,” which increases the costs of illness un-
necessarily and contributes to the increasing preva-
lence of antibiotic-resistant bacteria, ¢

The clinical presentation of a VRI affects the deci-
sion by practitioners to prescribe antibiotics.!! The
common attributes of rhinovirus infection, which are
digcolored nasal discharge and postnasal drainage, are
significantly associated with prescribing of antibiot-
ics.™* However, purulent nasal discharge and sputum
do not predict bacterial infection, nor do they predict
benefit from antibiotics.” Dosh et al'? reported in a
recent survey that antibiotics were prescribed for 66%
of all patients with acute respiratory illnesses, Among
patients with respiratory illnesses, 80% diagnosed
with bronchitis received a preseription for antibiotics,
98% dliagnosed with sinusifis received a prescription,
and 21% diagnosed with nonspecific upper respirato-
ry infection received a prescription, It is therefore im-
portant for clinicians to distinguish viral from bacte-
rial infections to prescribe treatment appropriately,
through use of proper respirvatory indicators, and to
minimize the selective pressure on common bacteria
to develop resistance against antibiotic agents

RHINOVIRUS EPIDEMIOLOGY

Waorldwide, the distribution of thinoviruses occurs
in all ages and during all seasons, but infections are
most prevalent in early spring and fall in temper-
ate climates.!® Seasonal changes such as school
opening and crowding indoors may explain the sea-
sonal prevalence™

Two well-done studies support the seagonality of
thinovirus infection. Arruda et al’” found picornavi-
rus by cell culture or reverse transcription polymerase
chain reaction (RT-PCR) in 82% (283/346) of adult pa-
tients who had self-diagnosed colds during the peak
2-month season studiy period of September through
October. Makela et al*® reported similar findings. Dur-
ing the peak Z-month outbreak in the fall months of
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their study, rhinovirus was identified in 92% of the
200 young aclults who had signs and symptoms of
a cold.

Rhinoviruses are also responsible for respiratory
tract complications such as acute otitis media, acute
sinusitis {or rhinosinusitis), and exacerbations of
asthma. In addition, rhinoviruses are directly or indi-
rectly the cause of lower respiratory illnesses in certain
populations {eg, those who have cystic fibrosis or are
immunocompromised), and of exacerbations of
chronic obstructive pulmonary disease in adults.! Re-
cent RT-PCR techniques have increased the detection
rates of rhinovirus in these complications and provide
a more accurate picture of their role in the pathogen-
esis of these infections.”’

RHINOVIRUS PATHOGENESIS,
TRANSMISSION, AND
CLINICAL ILLNESS

There ave more than 100 different serotypes of rhino-
viruses. In persons lacking specific immunity to the
infecting serotype, most exposures result in infection.]
Rhinovirus infections produce isolated scattered focl
of infected nasal epithelium between large areas of
normal epithelium.'® Abnormalities of the paranasal
sinuses are also frequently detected during rhinovirus
infection. The absence of histopathologic lesions duz-
ing rhinovirus infection suggests that the virus itself
does not appear to be cytotoxic and that the host re-
sponse to the virus causes the symptoms,™®

Rhinorrhea and nasal obstruction are due to in-
creased vascular permeability, with leakage of serum
into the nasal mucosa and nasal secretions,”® Cold
symptoms also are caused by neurclogic reflexes frig-
gered by the infection. Glandular secretions in the
nose, under the control of cholinergic neurologic path-
ways, contribute to rhinorrhea, especially in later
stages of the cold.' Neurologic pathways also appear
to be involved in the reactive airway disease associ-
ated with thinovirus infection.”

Inflammatory mediators such as interleukin (IL)-18,
11.-6, and I1-8 have been reported in nasal secretions of
symptomatic subjects. Their concentrations increase
and decrease as symptom severity increases and de-
creases.**® The presence of inflammatory mediators
has been taken into consideration in the development
of therapeutic strategies.

There is some controversy about the principal mode
of transmission for rhinovirus, However, direct cor-
tact appears to be the most efficient means of trans-
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mission.* Rhinovirus can survive for days on door
handles, coffee cups, drinking glasses, and plastic sur-
faces.”® Typically, when rhinovirus transmission oc-
curs in the home, a school-aged child is the most fre-
quent introducer of infection,”® Infection is spread
from hand-to-hand contact with contaminated nasal
secretions, usually from child to mother or caretaker,
Self-inoculation from eye-rubbing or nose-picking also
spreads infection.™

Symptoms occur within 16 hours of experimental
inoculation and peak 24 to 48 howrs after inoculation.
The virus can be recovered 24 hours after nasal inocu-
lation, and shedding peaks on day 2 or 3." Viral shed-
ding persists after resolution of symptoms, and the
virus can be cultured from 10% to 20% of subjecis 2 to
3 weeks after infection,®

Arruda et al™ found that sore throat, nasal conges-
tion, and rhinorrhea were the first symptoms noticed
in patients with naturally occurring colds. The most
bothersome symptoms were runny nose, stuffy nose,
sore throat, and malaise. Recognition of these symp-
toms early may be useful in initiating early therapy.
Coughing, sneezing, hoarseness, facial pressure, and
headache are also typical symptoms. Cough usually
persists for 1 week but may be prolonged in smokers.
Less often, malaise, chills, and low-grade fever may
oceur. ™ The median duration of rhinovirus colds is 1
week, but up to 25% last more than 2 weeks.! Arruda
etal'® found that colds in rhinovirus-positive patients
lasted from 9.5 to 11 days and that symptom severity
was highest on presentation and declined over the
study period. Because the maximum burden of dis-
ease occurs within the first 3 to 4 days of infection,
antiviral thetapy is required early in the course of the
disease for optimal benefit,

Currently, rhinovirus infections are diagnosed on
the basis of clinical signs and symptoms, Because new
antiviral medications will soon become available,
rapid and accurate diagnosis is essential, Currently,
no effective rapid antigen detection or practical sero-
logic test exists for rhinovirus because of the numer-
ous serotypes,® Viral isolation in tissue cultare fol-
lowed by acid-lability tests represents the standard
laboratory method for confirmation of rhinovirus in-
fections. However, this method requires up to 2 weeks
for results to become available, limiting its value in
clinical decision-making.?*

The RT-PCR assay is more sensitive and rapid (re-
sults available in less than 2 days) than culture for
viral identification. Steininger et al®* found that RT-
PCR detection of rhinovirus DNA in nasopharyngeal
aspirates was postfive for all samples that were rthino-
virus-positive by culture isclation (100% sensitive),
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but it also was positive in some of the culture-negative
samples. At present, RT-PCR is only a research tool.

TREATMENT OF VIRAL INFECTION

Most VRI patients self-treat with symptomatic medi~
cations or herbal or homeopathic medications that
have demonstrated modest and varied clinical benefit
in well-controlled trials.® The wide variety of over-the-
counter cold remedies available and the recent devel-
opment of compounds with activity against thinovi-
ruses attest to fhe intensified interest in infections
caused by this pathogen.

Alternative and Complementary Medications

Because of their popularity in recent years, a variety of
Terbal and homeopathic remedies have been tested in
vitro and in controlled trials, Zinc, echinacea, and vi-
tamin C are the most commonly used by patients suf-
fering from colds. Reviews of controlled studies have
failed to provide incontrovertible evidence that these
agents are beneficial. However, these medications are
reviewed as alternative remedies to treat VRIs.

Zine salts have been fourd to inhibit rhinovirus rep-
lication in vitro, but the mechanism by which this o¢-
curs is unclear.® Turmner and Cetnarowski®® reported
on two clindcal trials of zinc gluconate or zinc acetate
in experimental and natural rhinovirus colds. The
median duration of illness in the zinc gluconate
group was 2.5 days, versus 3.5 days in placebo group.
Zine gluconate had no enhanced effect on symptom
severity, and zinc acetate had no effect on duration
o1 severity.

Mossad et al* reported on a randomized, placebo-
controlled trial of zine gluconate lozenges (1 every 2
hours as long as patients had cold symptoms) in re-
ducing the duration of symptoms caused by a cold.
These symptoms were described as nasal, cough, and
throat symptoms. Time to complete resolution of
symptoms was significantly shorter in the zinc group
(4.4 days versus 7.6 days). Side effects of nausea (20%
versus 4%; P = 0.02) and bad taste (80% versus 30%; P
< 0.001) were significantly greater in the zinc group. A
meta-analysis of eight clinical trials of zinc gluconate
lozenges concluded that evidence of effectiveness
of zinc lozenges in reducing the duration of a cold
is lacking *

Two other recent studies have shown some benefit.
Prasad et al®® reported that administration of zinc ac-
etate lozenges reduced the duration and severity of
symptoms, especially cough. Hirt et al*" reported that
zinc nasal gel (an over-the-counter medication) was
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effective in shortening the duration of cold symptoms
compared with placebo when it was taken within 24
hours of symptom onset (2.3 days versus 9 days; P <
0.05), However, methodologic problems Hmit the uge-
fulness of this study. Recently, a zinc nasal spray hag
become available as an over-the-counter medication
for cold symptoms, but overall, due fo the Jack of well-
controlled clinical trials, the clinical utility of zinc in
treating colds s still debatable.

Echinacen species plants have long been used by
Native Americans for the treatment of a variety of
diseases.” More recently, Echingcen purpures has
been used most frequently in Burope (particularly in
Germany) as an immunostimulating agent for the
prevention and treatment of various infectious disor-
ders, Pharmacologic effects, mainly directed toward
the nonspecific cellular immune system, have been
found in vitro and in vivo. However, clinical benefit
has not been definitely proven in randomized, con-
trolled studies.

Turner et al®® assessed the effectiveness of echinacea
in preventing experimental rhinovirus colds, Rhinovi-
rus infection occurred in44% of patients who received
echinacea prophylactically versus 57% of the placebo
group (P = 0.3), and clinical colds developed in 50%
and 59% (P = 0.77) of the echinacea- and placebo-
treated subjects, respectively, Moreover, in virus-
infected subjects, there was no statistically significant
effect of echinacea on the daily total symptom score,

Grimm and Muller® reported on a placebo-
controfled trial of fluld extracts of Echingcen purpuren
twice daily or placebo to treat and prevent respiratory
infections in 108 patients who had three or more colds
or respiratory infections in the preceding year. The
incidence and severity were determined during the
8-week study perlod. Treatment with echinacea did
not significantly decrease the incidence, duration, or
severity of VRIs, compared with placebo.

Although many cold sufferers use large doses of
vitamin C, believing it to be valuable in reducing
symptom severity and duration, iis reported thera-
peutic benefit in alleviating or preventing colds has
been inconsistent.” One review of 30 therapeutic trials
of vitamin C concluded that doses of vitamin C of a8
much as 1 ¢ daily for several months in the winter bad
no consistent beneficial effect on the incidence of the
cold * Preventive and therapeutic trials both showed
a generally modest beneficial therapeutic effect on the
duration of cold symptoms, but the effect was variable
from patient to patient. In tests of vitamin C adminis-
tered after the onset of cold symptoms, there was
some evidence that large doses daily produced a
greater benefit than lower doses.”
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Symptomatic Medications

Symptomatic therapies for nasal congestion, rhinor-
rhea, sneezing, sore throat, and cough are still the
mainstay of treatment (Table 1)* Nasal congestion
and rhinorrhea appear to be the most bothersome
symptoms for patients suffering from colds,'® and the
ones for which patients commonly seek medications,

Both topical and oral adrenergic agents are effective
nasal decongestants, but intranasal decongestants are
generally considered more rapid and effective than
systemic agents.* Prolonged use of topical agents
poses risk of a rebound effect when the drug is dis-
continued, Systemic side effects of oral agents are
central nervous system stimulation, hypertension,
and palpitations.*

Some of the symptoms treated with systemic medi-
cation include rhinorrhea, sneezing, cough, and
sore throat,

Rhinorrhea is treated by blockade of cholinergic
stimulation of glandular secretions.? The anticholiner-
gic agent ipratropium bromide has shown modest ef-
fieacy in reducing rhinorrhea and is approved for
treatment of rhinorrhea in colds,™

First-generation antihistamines such as clemastine
fumarate® and brompheniramine maleate® have
been used for rhinorrhea and sneezing and have
shown modest benefit, Second-generation antihista-
mines are not effective.* The observed similarity in the
effect of ipratropium and first-generation antihista-
mines on rhinorrhea is most likely related to the anti-
cholinergic rather than antihistaminic properties of
these drugs.’

Table 1, Current treatments for VRigw
symptomatic medicstions,

Symptom Medications

Angicholinargics (ipratropium
bromide} 1st-generation
antihistamines

intranasal and systemic
decongestants

Nonspacific cough
suppressants with codaine
or dextromethorphan

Angihistamine-decongestant
if due to nasai ebhstruction
or postnasal drip

Bronchodiiator if due to
reastive sirway diseage

Antihistamine

Mild analgesics, NSAIDs

Rhinorrhes

Nasal congestion

Cough {therapy
depends on
cause of cough)

Sneszing
Sors throat, myalgias,
fever, headachs

Adapted from Turner,*
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Cough during a cold is triggered by several differ-
ent mechanisms, and therapy should be directed at the
most likely underlying cause.* Nonspecific cough-
suppressant medications containing either codeine or
dextromethorphan are frequently used, but their clini-
cal efficacy is based on studies of patients with chronic
coughy their efficacy has not been consistently demon-
strated in patients with colds. Cough due to nasal ob-
struction and postnasal drip can respond to an anti-
histamine-decongestant agent.* Cough caused by re-
active airway disease induced by the virus may be
prolonged, and the patient may benefit from broncho-
dilator therapy.*

Finally, sore throat during a cold is generally not
severe and can be treated with mild analgesics or non-
steroidal anti-inflammatory drugs, These agents
also alleviate systemic symptoms such as myalgia
and headache.*

ANTIVIRAL THERAPIES FOR VIRAL
RESPIRATORY INFECTIONS DUE
TO PICORNAVIRUSES

Novel antiviral agents that attack the rhinovirus are
efther in development or in advanced clinical trials,
These agents have the effect of reducing the severity
and duration of symptoms of colds, In addition, com-
plications of VRIs, such as acute ofitis media, sinusitis,
and exacerbations of asthma and bronchitis can poten-
tially be reduced by these agents, Furthermore, reduc-
ing viral transmission can lessen the likelihood of
transmitting the infection to others, thereby reducing
the overall incidence of VR1s,® The ultimate result of
antiviral medication use is a reduction in the preva-
lence and severity of bothersome symptoms and an
improved quality of life for the sufferer, The mecha-
nisms of action and the development status of these
agents are summarized in Table 2. Knowledge of
stages of the infection cycle has provided therapeutic
opportunities (Fig, 2).>" It is important to recognize
that appropriate use of antiviral drugs to treat colds
cannot be guided by rapid diagnostic tests for rhino-
virus in the ambulatory setting, as office-based tests
are not currently available and are not likely to be
available in the near future,™

Interferons

Interferons are potent selective mediators of celiular
changes that induce antiviral, antiproliferative, and
immunologic effects on host-cell susceptibility to pi-
cornavirus infection,

Douglas et al* conducted a double-blind evaluation
of intranasal alpha-2 interferon prophylaxis against

American Journal of Therapeutics (2003} 10(3)
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Table 2. Antlviral compounds under investigation.
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Compound

yps or name Mechanism

Status

Intranassl Interferon

Antiviral, antiprelifarative, immanclogic

Side effects fimit s use

Developmeant discontinued due to marginal
clinieal benafit and frequent doses requlirad
Early agents had only modast clinical

alpha-2 affects affecting host-cell susceptibility
Soluble ICAM-1 Blacks receptor sits
{tremacamra)
Enviroxims-related Targets 3A protein coding region of the
compounds virus 1o inhlbit BNA replication,

pravents formation of & new sirand

of RNA molecuies
3C orotease inhibitors
{AGT088)

Capsid-funetion inhibitors
{pleconaril}

inhibits viral protein synthesis

Blocks viral uncoating andfor viral
attachment {0 host-cel! receptors

henefits; new agents are under
devsiopment

Phase il trials to recommance with
reformutatad compound that maximizes
delivery of active ingredient

Ciinicatly effective, NDA submitted July 2001
awaiing approval

NDA, New Drug Application.

naturally acquired rhinovirus infection in family
members. Users of alpha-2 interferon who were ex-
posed fo rhinovirus infections experienced a 76% re-
duction in the number of days during which they ex-
perienced respiratory symptoms of any kind (6.3 ver-
sus 1.5}, 33% fewer days with nasal symptoms (2.1
versug 1.4), and 86% fewer “definite” illnesses than
placebo users (13 versus 2 family episodes).

Hayden and Gwaltney® reported on the efficacy of
recombinant interferon alpha-2 administerad as intra-
nasal spray or drops given three times daily for 5 days
beginning 28 hours after rhinovirus inoculation. Inter-
feron alpha-2 did not prevent rhinovirus infections or
colds but was assoctated with significant reductions in
symptom duration (spray: 5 versus 7.6 days, P < 0.0;
and drops: 3.8 versus 8.2 days, P < 0.03) and in quan-
tity of viral shedding.

Anocther study compared intranasal alpha-2 in-
terferon versus placebe begun within 48 hours of
the onset of illness, to prevent respiratory illness in
healthy contacts of ill family members.”® Respira-
tory illness developed in 52 of 222 persons in the

Interferons
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Rotsese © ©F Asohmont
o o Col
D gt L0
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inkfisitony sy ]
'ﬁ ¥ Gapeldunetlon
s inthigilora
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L
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Fig. 2. Infection cycle of virus provides dlagnostic and
therapeutic opportunities. (Adapted from Rotbart)
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placebo group, comparad with 32 of 226 in the inter
feron group (P = 0.02). In the 2-week period during
and after spraying, rhinovirus colds developed in
1.3% of the treated group and in 15.1% of the pla-
cebo group,

A combination of antiviral and anti-inflammatory
agents provided better symptom relief than mono-
therapy with an antivital agent™ Gwaltney™ reported
ont the combination of intranasal interferon alpha-2,
ipratropium, and oral naproxen begun 24 hours after
experimental rhinovirus inoculation and continued
three fimes daily for 4 days. The addition of anti-
inflammatory agents to treat the inflammatory re-
sponse addressed the previous therapeutic failures of
monotherapy with antivirals (which only inhibit viral
replication), Viral shedding was 4.4 days In the control
group and 2.9 days in the treatment group (P < 0.003).
Colds developed in 6 of 16 treated subjects and in 7 of
8 control subjects (P = 0.05). Symptom scores were also
reduced for rhinorrhea (P < 0.01), cough (P < 0.01),
and malaise (P < 0.001) in treated subjects,

Although intranasal interferon demonstrated clini-
cal benefit in prophylaxis against rhinovirus colds, by
reducing viral shedding and modestly reducing
symptoms,'® the side effects of nasal frritation and
stuffiness and mucosal ulceration in some patients
have prevented its further clinical development,

Soluble Intercellular Adhesion Molecule-1

Soluble interceliular adhesion molecule-1 hag broad-
spectrum activity against a variety of major rhinovirus
serotypes.” Tremacamra is an intranasally adminis-
tered recombinant soluble intercellular adhesion maol-
ecule-1 that was studied in clinical trials. In four ran-
domized, placebo-controlled trials, two different intra-
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nasal formulations were evaluated in 177 subjects
treated 5 to 6 times per day 7 hours before or after
viral challenge; 81 received tremacamra and 96 re-
ceived placebo.”® Pooled analysis from the four stud-
jes showed that, compared with the placebo group,
the treatment group had a reduction in total symptom
scores (17.6, placebo group versus 9.6, treatment
group), in the proportion of clinical colds (64/96 [67%]
versus 36/81 [44%]), and in nasal mucus weight {32.9
g versus 14.5 g) (P < 0.001 for all comparisons). No
adverse effects were observed. However, the marginal
clinical benefit observed in this highly controlled pro-
phylaxis setting in which the drug was administered
five to six times per day is the presumed reason for the
discontinuation of tremacamea development.®

Enviroxime-related Compounds

Enviroxime is a prototype compound for a series of
molecules with broad anti-rhinovirus activity, In vitro,
itshowed ?otent antirhinoviral activity against certain
serotypes.” The mechanism of action is suggested to be
inbibition of RNA replication via targeting of the 3A
protein coding region of the virnses. This action pre-
vents the formation of a new strand of RNA mol-
ecules. Barly clinicel studies of enviroxime demon-
strated a modest clinical and antiviral benefit in some
patients but no benefit in others”

Phillpotts et al*” tested enviroxime against rhinovi-
rus infection in volunteers in early trials, There were
no significant differences in reductions in total clinical
scores, nasal secretions, and virus excretion, compared
with placebo, The efficacy of intranasal enviroxime
was also tested against naturally occurring colds*!
There were trends indicating greater therapeutic effi-
cacy of enviroxime for certain nasal symptoms {(stuffy
nose), but overall there were no consistent statistically
significant differences between treated versus un-
treated groups,

Problems with poor pharmacokinetics, undesirable
side effects, and toxicity resulted in the discontinua-
tion of the enviroxime progtam. Newer derivative
compounds have improved tolerability and bicavail-
ability, but these compounds have not yet been clini-
cally evaluated.”

3C Protease Inhibitors

A series of compounds are under development that
target the 3C protease of picornaviruses and result in
inhibition of viral protein synthesis® Rhinovirus 3C
protease is responsible for cleavage of viral precursor
polyproteins into structural and enzymatic proteing
essential for viral replication.®
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Intranasal AG7088 is a potent, irreversible inhibitor
of rhinovirus 3C protease and is the most advanced of
these compounds. In vitro activity against rhinovirus
demonstrated that AG7088 inhibited viral replication
of all thinovirus serotypes tested as well as rhinovirus
in clinical isolates recovered from patients with
colds.** Antiviral activity was present when the
compound was added up to 26 hours after infection,
demonstrating the potential for activity well after the
onset of symptoms.

In adult experimental rhinovirus challenge prophy-
laxls stucties, AG7088 or placebo was administered 6
hours before viral challenge and continued two or five
times a day for 5 days.*® In the prophylaxis studies,
the proportion of individuals shedding virus was re-
duced in the two groups given AG7088. This was sta-
tistically significant in the group receiving AG/088
five times per day. The incidence of colds, total symp-
tom scores, respiratory symptoms, and nasal dis-
charge was also reduced, with a trend toward greater
effects in those treated five times per day. For early
treatment, administration was begim 24 hours after
the challenge. In1 the early {reatment studies, viral ti-
ters were reduced by day 2 or 3. Total symptom
scores, respiratory symptoms, and mucus weighis
were significantly reduced, compared with the same
measures in the placebo-ireated group. AG7088 did
not prevent experimental rhinovirus infection, but it
modestly reduced illness severity when treatment was
initiated before or within 1 day of infection, with ad-
ministration five times per day. The most common
drug-related adverse events {nausea and taste distur-
bance) were mild in severity.

In 1999, AG7088 was evaluated as & beatment of
nafural colds in a double-blind, placebo-controlied
trial including 868 subjects.*® The results revealed no
evidence of a treatment benefit. Currently, the intra-
nasal compound is being reformulated to optimize de-
livery of the active ingredient to the nasal cavity.
Phase II trials will probably begin again with the re-
formulated compound.®

Capsid-function Inhibitors

Developments in this class of compound during the
past decade suggest that capsid-function inhibition is
a very promising antiviral therapeutic approach. Cap-
sid-binding compounds block viral uncoating and vi-
ral attachment to host-cell receptors. Trials of the early
intranasal compound pirodavir showed that it was ef-
ficacious when administered prior to the onset of
symptoms in experimental colds.** However, its de-
velopment was limited by its modest clinical benefit
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and the fact that frequent daily doses must be admin-
istered. Results from these trials have led to work on
other related compounds in this class.

Oral pleconaril (3-[3,5-dimethyl-4-[(3-methyl-5-
isoxazolyl)propy!]phenyl]-5-(trifluoromethyl)-1,2,4-
oxadiazole) is the first of a new generation of capsid-
function inhibitors.® Pleconaril inhibits in vitro viral
replication at the site of viral attachment and uncoat-
ing, It alters the ability of the virion to bind to cell-
ular receptors and increases the stability of the
viral capsid.*®

Pleconaril displays potent activity against rhinovi-
ruses and the structurally related enteroviruses. In
vitro activity against selected rhinovirus serotypes
and against clinical isolates recovered from patients
with colds showed that antiviral activity inhibited 90%
of rhinoviruses at concentrations well within the range
of levels achievable in humans.* High-evel drug re-
sistance to one compound is generally seen for all re-
lated compounds.™

Phase II clinical trials showed that patients treated
with pleconaril showed an overall reduction in overall
illness and individual symptom duration and severity
of 1 to 3 days compared with placebo."* This is the
first demonstration that specific antiviral therapy can
provide meaningful symptomatic benefit in persons
with a picornaviral respiratory illness.

Phase 111 clinical data for pleconaril were recently
reported. A randomized, double-blind, placebo-
controlled evaluation of pleconaril 400 mg TID) versus
placebo for 5 days in 1044 otherwise healthy acults
presenting with moderate or worse rhinorrhea and at
least one other respiratory symptom of 24 hous” du-
ration or less showed that, compared with placebo-
treated subjects, rhinoyirus-positive patients treated
with pleconaril had a 1.5-day reduction in complete
resolution of thinorrhea with all other symptoms ab-
sent or mild for 48 hours {median 6.2 versus 7.7 days;
P = 0.001), as well as a 25% reduction in mucus pro-
duction, as measured by facial tissue use (P < 0.001)™
Symptom severity was less in the pleconaril group
each day, beginning 12 to 24 hours after initiation of
therapy. Compared with placebo, there was a signifi-
cant reduction in median viral titers innasal mucus on
days 3 and 6 among the pleconaril-treated patients (P
< 0001). Adverse event rates were similar between the
pleconaril and placebo groups.

In all six Phase II /111 clinical trials in a total of 4,447
adults, pleconaril was well tolerated™ The aggregate
side-effect profile was similar to that of placebo. The
majority of adverse events were mild to moderate;
gastrointestinal events and headache were most com-
monly reported.” A New Drug Application for plec-
onaril was submitted fn mid-year 2001,
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CONCLUSIONS

Viral respiratory infections are among the most com-
mon clinicel conditions encountered by primary care
providers. Most of these infections are due to thine-
viruses, The degree of illness ranges from mild to se-
vere. The high prevalence of uncomplicated illness
and the attributable complications, which include
acuie otifls media, sinusitis, exacerbations of asthma
and chronic obstructive pulmonary disease, and lower
respiratory tract infections, demonstrate that these in-
fections are responsible for a great deal of morbidity in
all age groups, Thus far, only symptomatic medica-
tions and homeopathic remedies have been available.
In general, these medications have not demonstrated
significant clinical benefit. Until recently, no treat-
ment targeted rhinoviruses, which are the most com-
mon cause of VRIs. Furthermore, there has been no
rapid test to identify rhinoviruses in a clinically useful
time frame

New developments in antiviral therapy, such as the
capsid-inhibitors for rhinovirus infections, represent
an important opportunity to reduce the clinical but-
den of disease, Furthermore, use of a specific antivizal
agent for VRIs can potentially reduce inappropriate
anlibiotic use and help in the nationwide effort to slow
the increasing emergence of bacterial resistance,
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