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Abstract The common cold is most often a result of human rhinovirus (HRV) infection. Common cold symptoms
including rhinorrhea and nasal obstruction frequently occur during HRYV infection of the upper respiratory tract.
Conversely, HRV may also infect the epithelial cells of the lower respiratory tract. Symptom severity associated with
HRY infection ranges from mild to potentially serious depending on a person’s susceptibility and pre-existing condition,
such as chronic obstructive pulmonary disease. An over active host immune response is believed to be the primary
contributor to HRV pathogenesis. Enhanced activity of various host cell cytokines and granulocytes mediate specific
cellular pathways inducing many of the symptoms associated with HRV infection. There are over 100 serotypes of HRV
which can be further categorized based on the specific characteristics of each type. The two main categories of HRV
consist of the major and minor groups. The unique host cell receptor is the distinguishing factor between these two
groups. Yet, these viruses may also differ in mechanism of infection and replication. Due to the high frequency of
hospital and clinical visits and the corresponding economic burden, novel therapies are of interest. Several different
treatment options varying from herbal remedies to anti-viral drugs have been studied. However, the vast number of

HRY serotypes complicates the progress of developing a universal treatment for attenuating HRYV infection.

Keywords

Introduction

Human rhinovirus (HRV) is a positive sense, single-stranded
non-enveloped RNA virus belonging to the family Picorna-
viridae of the genus Enterovirus (Bochkov et al., 2011;
Rollinger and Schmidtke 2011). The viral protein coat
consists of 4 viral capsid proteins (Gavala et al., 2011).
Over 100 serotypes have been classified and grouped based
off of their unique antigenic properties, specific host cell
receptors, and susceptibility to antiviral capsid binding
compounds (Andries et al., 1990; Uncapher et al., 1991).
Genome sequencing provided further methods of identifica-
tion and corresponds with antiviral classification techniques
which ultimately helped distinguish two general serotype
groups, HRV-A and HRV-B (Bochkov et al., 2011). These
advances in genome sequencing have led to the recent
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discovery of a new HRV-C group (Bochkov et al., 2011).
However, the current understanding and information avail-
able regarding HRV-C is limited.

HRYV infection is extremely prevalent during the change in
seasons, mainly fall and spring, yet infection is diagnosed
year-round (Turner 2001). The majority of common cold
symptoms are a result of upper respiratory infection from
HRV-A and HRV-B species (Bochkov et al., 2011; Kennedy
et al., 2012). Rhinorrhea, nasal obstruction, sneezing,
coughing, and sore throat are the most frequently observed
symptoms (Tyrrell et al., 1993; Arruda et al., 1997; Turner
2001). Other symptoms may include headache, lethargy, and
fever; fever being especially prevalent in children with upper
respiratory infections (Harris and Gwaltney 1996; Pappas et
al., 2008). Secondary bacterial infections are also observed in
individuals infected with HRV. In these cases, acute otitis
media (especially in children), pneumonia, and sinusitis are
observed complications (Rollinger and Schmidtke, 2011).
Patients may become symptomatic from as early as one day
post infection and the symptoms usually subside after one
week (Gwaltney et al., 1967).
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The primary host cell receptors for HRV infection are
intercellular adhesion molecule-1 (ICAM-1) and low-density
lipoprotein receptor (LDLR) (Bella and Rossmann 2000;
Vlasak et al., 2005). After entry into the host cell, viral
uncoating occurs freeing the viral RNA for virus replication
and further symptom development. The more severe
symptoms associated with HRV result from lower respiratory
infections usually in asthmatic individuals and/or people
suffering from other chronic lung diseases, such as chronic
obstructive pulmonary disease (COPD) (McManus et al.,
2008; Wat et al., 2008; Kennedy et al., 2012). For example,
polymerase chain reaction (PCR) and reverse transcriptase
(RT)-PCR techniques have detected a significant correlation
between viral infection and asthma exacerbations (Message
and Johnston, 2001). These HRV induced exacerbations
contribute to airway restriction leading to diminished airflow
and thus shortness of breath associated with wheezing (Kim
and Gern, 2012). In addition, the severity of HRV related
symptoms may be enhanced in patients with other underlying
respiratory pathogenic conditions, such as pneumonia
(Bochkov et al., 2011; Kennedy et al., 2012).

Although the symptoms of HRV infection are generally
mild, the economic burden is extremely high (Turner and
Hendley, 2005). Thus, many novel therapeutic strategies
ranging from herbal and dietary treatments to antiviral agents
have been considered (Turner, 2001). Furthermore, studies
have also demonstrated the importance of preventative
measures, such as hand washing, in attenuating transmission
(Savolainen-Kopra et al., 2012).

HRYV cell attachment and replication

HRYV host cell attachment and replication occurs in epithelial
cells of the upper and lower respiratory tract (Fuchs and
Blaas, 2010). Major and minor group HRVs, of the HRV-A or
HRV-B species, translocate into the cytosol via two different
receptors pathways (Message and Johnston, 2001). Major
group HRVs bind to ICAM-1 whereas minor group HRVs
attach to LDLRs (Message and Johnston, 2001). To under-
stand the differences between these pathways, studies have
performed in vitro experiments utilizing human rhinovirus 14
(HRV14) for major group HRVs and human rhinovirus 2
(HRV2) for minor group HRVs. These serotypes provide a
representative approach for understanding the pathway from
HRV cell attachment to viral RNA release. Fuchs et al.
provided an extensive review of these specific pathways. The
following sections will provide a brief synopsis of these
mechanisms (Fuchs and Blaas, 2010).

Major group human rhinovirus infection
Entry of major group HRVs, such as HRV 14, via endosomal

transport through upper and lower respiratory epithelial cells
are mediated by ICAM-1, which is expressed primarily on

non-ciliated cells (Winther et al., 1997; Winther et al., 2002;
Fuchs and Blaas, 2010). Previous studies have shown that
there is a significant correlation between the number of
ICAM-1 receptors on the plasma membrane and suscept-
ibility to infection (Winther et al., 1997; Lopez-Souza et al.,
2004; Jakiela et al., 2008). Thus, the role of ICAM-1 during
HRV entry is critical for understanding HRV replication. The
viral capsid proteins VP1 and VP3 from the major group
HRVs, contain highly conserved sequences that are recog-
nized by the ICAM-1 receptor and these sequence motifs
differ between HRV-A and HRV-B species (Olson et al.,
1993; Laine et al., 2006; Fuchs and Blaas, 2010).

Endocytosis of HRV is triggered by HRV binding to
ICAM-1. However, the entry mechanism and transfer route to
early endosomes, where the uncoating process takes place,
differs depending on cell type (Fuchs and Blaas, 2010). Low
pH of the endosomal environment along with the help of
ICAM-1 likely aid in the viral uncoating process (Fuchs and
Blaas, 2010). Yet, sensitivity to [CAM-1 and low pH induced
uncoating varies among HRVs (Skern et al., 1991; Giranda et
al.,, 1992; Khan et al., 2007). Thus, the uncoating require-
ments for major group HRVs have not been fully elucidated.
Yet, the overwhelming data suggesting endosomal rupture is a
highly likely theory (Fuchs and Blaas, 2010). It has been
proposed that this rupture is mediated by the viral capsid
protein VP4 which interacts with ICAM-1leading to
membrane destabilization and consequently endosomal
rupture and release of viral RNA (Xing et al., 2000; Xing et
al., 2003).

Minor group human rhinovirus infection

The receptors for minor group HRVs are expressed on the
apical surface of ciliated upper respiratory epithelial cells and
include the low-density lipoprotein family of receptors (Fuchs
and Blaas, 2010). In contrast to the ICAM-1 receptors of
major group HRVs, minor group receptors are mostly
localized on the endosomal membrane and are frequently
recycled back to the plasma membrane (Strickland et al.,
2002; Schneider and Nimpf, 2003). Another difference
between the pathways of these two HRV groups is that
translocation via LDLR is clathrin dependent, whereas
ICAM-I is believed to be clathrin independent (Snyers et
al., 2003). Nevertheless, once the virus is internalized, it is
transported to an early endosome where the virus dissociates
and the receptor is recycled. Consistent with the major group
HRYV pathway, uncoating of minor group HRVs is likely due
to the acidic pH of endosomes; however there are several
studies that provide evidence for the release of viral RNA into
the cytosol via endosomal pore formation (Brabec et al., 2005;
Prchla et al., 1995; Brabec-Zaruba et al., 2009). Determining
the exact mechanism of viral RNA release is difficult due to
the expansive number of HRV serotypes and various pH
values required for HRV RNA translocation to the cytosol.
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Viral replication

Once the viral RNA is translocated to the host cell cytosol, the
RNA is translated into a 250 kDa polyprotein via cellular
ribosomes (Gavala et al.,, 2011; Rollinger and Schmidtke,
2011). This polyprotein is cleaved by the HRV proteases 2A
and 3C into structural and non-structural proteins (Gavala et
al., 2011; Rollinger and Schmidtke, 2011). The 2A and 3C
proteases not only cleave the viral polyprotein into proteins
necessary for viral replication, but also the 2A protease
cleaves host cell transcription factors needed for normal
protein and RNA synthesis (Liebig et al., 1993; Sommer-
gruber et al,, 1994; Haghighat et al., 1996; Rollinger and
Schmidtke, 2011). Thus inhibition of these proteases, as
discussed later, may provide for development of new antiviral
drugs. Interestingly, other studies have observed HRV’s
ability to inhibit the host’s antiviral properties by cleaving the
intracellular viral mediators RIG-1 and IPS-1, thus impeding
the viral recognizing immune response (Barral et al., 2009;
Drahos and Racaniello, 2009). One key non-structural protein
of HRV is viral RNA polymerase 3D, which forms a structure
with other viral and cellular proteins constituting the RNA
replication complex (Rollinger and Schmidtke, 2011). This
complex is required for HRV RNA synthesis (Rollinger and
Schmidtke, 2011).

The HRV immune response

The clinical symptoms associated with HRV infection are
derived from the host’s own immune response. There are
several mediators, including cytokines and granulocytes,
which initiate the common inflammatory symptoms demon-
strated in HRV infected individuals. The human immune
response to HRV infection begins with innate immune system
activation subsequently followed by an adaptive or humoral
response. Symptoms of mucous hypersecretion and inflam-
mation are a result of an over activated immune response
stimulated by HRV infection.

Innate immune response

The epithelial cell layer of the upper and lower respiratory
system is susceptible to HRV infection. During acute
infection, the innate immune response is initiated by HRV
binding to a pattern recognition receptor (PRR) on the surface
of the respiratory epithelium or after cellular entry, inducing
an intracellular signaling cascade (Fig. 1) (Fuchs and Blaas,
2010; Triantafilou et al., 2011). The specific receptors for
HRYV immune recognition include: Toll-like receptors (TLR),
and RIG-like receptors (RLRs), including the helicases;
retinoic acid inducible gene-I (RIG-I), and melanoma
differentiation associated gene-5 (MDA-5) (Wang et al,
2009; Kennedy et al., 2012).

Currently, there is extensive research demonstrating the
importance of TLRs regarding innate immune activity

associated with HRV infection. TLRs are located on both
plasma and endosomal membranes (Wang et al., 2009). The
location of the TLR corresponds with the part of the HRV that
stimulates its activation. For instance, Triantafilou et al.
observed that TLR-2 responds specifically to the HRV6
capsid and not to the virus’s ssRNA (Triantafilou et al., 2011).
Conversely, the researchers observed that TLR7 and TLRS,
which are both localized on the endosome membrane, are
activated by the ssSRNA of HRV6. One study utilizing BEAS-
2B epithelial cells demonstrated that upon HRV16 infection,
TLR3 expression was upregulated (Hewson et al., 2005). The
role of TLR3 in HRV16 infection was further supported by
the finding that transfection of human kidney cells with TLR3
enhanced the expression of HRV-induced interleukin (IL)-8
(Sajjan et al., 20006).

RLRs are another class of PRRs that are important for
triggering innate immunity. For example, MDA-5 responds to
dsRNA resulting from intracellular virus replication (Kato et
al., 2005; Yoneyama et al., 2005). Studies have shown that
when HRV replicates, elevated activity of MDA-5 was
observed about 4 h post infection, which is the approximate
time for HRV RNA synthesis, further verifying the specificity
of MDA-5 to dsRNA of HRV during replication (Triantafilou
et al., 2011). However, the mechanism for MDA-5/HRV
interaction has not been fully elucidated. Wang et al. have
observed that RIG-I, another type of RLR, cannot initiate a
proper immune response when MDA-5 expression or activity
is reduced (Wang et al., 2009). Additionally, TLR3 activation
has been shown to mediate the induction of RIG-1 and MDA-
5, which are all involved in the increased expression of HRV-
induced interferons (IFNs) during the innate response (Slater
et al., 2010; Gavala et al., 2011). Together these findings
suggest that these receptors may cooperate synergistically
during the HRV stimulated innate immune response. These
receptor initiated pathways result is the generation of a variety
of cytokines including, IL-8, IL-6, IL-12, IL-15, and INFs
(Fig. 1) (Turner, 2001; Wang et al., 2009; Kennedy et al.,
2012). Several of these cytokines contribute to virus
eradication. For instance, IL-12 and IL-15 are needed for
natural killer (NK) cell recruitment and activation as well as
INF, specifically IFNy, generation (Fehniger and Caligiuri
2001; Kennedy et al., 2012). INFs mitigate viral replication
and can also promote T cell differentiation and macrophage
activation (Kelly and Busse, 2008; Kennedy et al., 2012).
Conversely, 1L-8 and IL-6 initiate a pro-inflammatory
response inducing the recruitment and activation of granulo-
cytes which are associated with the clinical symptoms of the
common cold (Wang et al., 2009; Triantafilou et al., 2011).
IL-8 correlates with an increase in neutrophil levels in the
blood of HRV infected patients (Kennedy et al., 2012). In
addition, HRV infected individuals displayed these pro-
inflammatory mediators in nasal lavage fluid (Turner, 2001;
Kennedy et al., 2012). Therefore, the production of these
signaling molecules corresponds to neutrophil accumulation
in the nasal exudate, which is frequently seen in symptomatic
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patients with HRV infection (Turner, 2001). It is worth noting
that peripheral white blood cell count does not increase in
asymptomatic infected individuals (Turner, 2001).

Adaptive immune response

T cell infiltration and recruitment is associated with HRV
infected airway epithelium and lung tissue, respectively
(Levandowski et al., 1986; Fraenkel et al., 1995). It has been
suggested that T cell recruitment may eliminate HRV through
the activity of T-helper 1 (TH1) cell cytokines, such as IL-2
and IFN-y (Kelly and Busse, 2008). IL-2 contributes to T cell
proliferation whereas IFN-y, as described previously, func-
tions as an anti-viral agent (Kelly and Busse, 2008).
Moreover, T cell recruitment is induced from HRV infected
epithelial cells by the chemotaxic factor IP-10, which
recognizes a specific receptor on helper and cytotoxic T
cells as well as NK cells (Rabin et al., 1999). Activated helper
T cells may facilitate a humoral response resulting in antibody
(Ab) production; however, the exact role of cytotoxic T cells
in HRV elimination is not completely understood (Kennedy et
al., 2012).

Ab activity, specifically Immunoglobulin (Ig)A, IgM, and
IgG, are observed 3, ~5, and ~7 days post HRV infection,
respectively (Message and Johnston, 2001; Kennedy et al.,
2012). Although IgA declines with time, serum IgGs, that
recognize a specific viral serotype, may remain throughout
life (Message and Johnston, 2001). This IgG retention is vital
for neutralizing HRV from subsequent infection (Alper et al.,
1998). There are a variety of ways for Abs to neutralize and
eliminate a viral pathogen. Abs can opsonize the virus for
phagocytosis, block the virus from adhering to cellular
attachments, and/or stimulate NK cell activation (Kennedy et
al., 2012). These beneficial effects reduce the symptoms

Human
rhinovirus (HRV)

Immune response

-NK cell recruitment
-Macrophage activation
-Reduced viral replication
-Neutrophil recruitment and
accumulation

Cell surface B
PRR

IL-12
IL-15
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associated with viral infection and attenuate viral shedding
(Alper et al., 1996).

HRV pathogenesis

HRYV enters through the nasal or conjunctiva mucosa and
eventually localizes in the nasopharynx with the assistance of
epithelial cell ciliary movement of mucous (Rollinger and
Schmidtke, 2011). HRV will bind to specific host cell
receptors on both ciliated and non-ciliated (primarily)
epithelial cells and replicate extensively within the first 2
days of infection (Rollinger and Schmidtke, 2011). Research-
ers have observed that during experimental HRV infection,
common HRV symptoms may occur as early as 10—12 h post
intranasal administration (Harris and Gwaltney, 1996). HRV
can infect both the upper and lower respiratory epithelial
tissue. However, non-asthmatic individuals usually only
exhibit the symptoms of the upper respiratory tract (Kennedy
et al., 2012). Interestingly, biopsies collected and examined
from HRV infected nasal epithelium did not consistently
reveal cellular damage, thus the complete mechanism of
pathogenesis is still not thoroughly understood (Turner et al.,
1982; Turner, 2001; Rollinger and Schmidtke, 2011). Yet, as
mentioned earlier, these findings suggest that the host
immune response may be the key contributor in producing
the symptoms often seen in patients with HRV infection.
Common cold symptoms including rhinorrhea and nasal
obstruction, are a result of mucous hypersecretion, vasodila-
tion, and increased vascular permeability due to enhanced
neutrophilic activity at the site of infection (Kennedy et al.,
2012). Immunological assays demonstrated a correlation
between IL-6 and IL-8 concentration in nasal secretions and
severity of symptoms in HRV-induced upper and lower

Immune
response

Intracellular
PRR

|

!

Viral RNA

Respiratory epithelial cell

Figure 1 The schematic demonstrates a likely immune response to HRV infection in a respiratory epithelial cell.
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respiratory infections (Papadopoulos et al., 2000; Turner et
al., 1998). Neutrophilic activity in symptomatic individuals
may be due specifically to the increase in IL-8 (Rollinger and
Schmidtke, 2011). Douglass et al. reported that IL-8
intranasal administration in non-HRV infected subjects
displayed symptoms of the common cold, which suggested
an important role of IL-8 in HRV infection (Douglass et al.,
1994). The transcription of IL-8 in different cell lines may
require the activation of nuclear factor-kB (NF-kB) (Mukaida
et al., 1994; Kim et al., 2000). Previous research has shown
that HRV'16 binding to epithelial cells activate the phospha-
tidylinositol 3-kinase (PI3K)/Akt signaling pathway, which
ultimately induces NF-xB (Newcomb et al., 2005). Upon
activation, this transcription factor will localize to the nucleus
and induce the transcription of inflammatory cytokines
including IL-8 (Edwards et al., 2007).

HRYV induced oxidative stress has been reported as another
method for enhancing IL-8 activity. Since the activity of
endogenous antioxidants including superoxide dismutase,
catalase, and glutathione peroxidase, do not decrease during
HRV infection, reactive oxygen species (ROS), such as
hydrogen peroxide, over-accumulation is the likely cause of
oxidative stress induced IL-8 overexpression (Turner, 2001).
Studies involving the alteration or inhibition of the enzyme
NADPH-oxidase, a known ROS generator, resulted in
decreased levels of HRV induced IL-8 (Kaul et al., 2000;
Turner, 2001). These results suggest that this enzyme may be
partially responsible for the excessive production of IL-8 via
ROS signaling after HRV infection. Moreover, intracellular
xanthine oxidase, a common source of superoxide, is active
during HRV infection (Gavala et al., 2011). Since superoxide,
a type of ROS, is believed to induce expression of ICAM-1,
as well as activation of NF-kB, xanthine oxidase is a likely
contributor to HRV induced oxidative damage (Papi et al.,
2002; 2008). Although the intracellular signaling events
initiated by HRV infection are complex, these findings
suggest that oxidative stress plays a substantial role in HRV
pathogenesis.

Transmission and treatment
Transmission

HRYV can be spread by small and large particle aerosols, direct
person to person contact, such as hand shaking, or via
inanimate objects including door handles and furniture
(Turner and Hendley, 2005; Winther et al., 2007). Although
the spread of HRV may occur through sneezing and
coughing, the efficacy of this type of transmission is relatively
low. Therefore, touching contaminated surfaces and subse-
quent self-inoculation is a more frequent mode of transmis-
sion (Turner and Hendley, 2005). This involves rubbing the
conjunctiva or the nose with HRV covered fingertips allowing
the virus to enter the upper respiratory tract (Hendley and
Gwaltney, 1988).

Symptomatic treatments

Treating HRV infection is primarily based on limiting the
symptoms. Over-the-counter decongestants and non-steroidal
anti-inflammatory drugs have revealed beneficial effects in
reducing nasal edema, coughing, and sneezing (Fashner et al.,
2012). Zinc has been proposed as a possible treatment option
because of its ability to provide protection against respiratory
syncytial virus, another common respiratory virus, and inhibit
the replication of the rhinovirus 3C protease, which is needed
for virus replication (Turner, 2001; Science et al., 2012).
However, the results from studies since 1984 have been
controversial as to whether zinc treatment can substantially
limit the symptoms associated with respiratory virus infec-
tions (Science et al., 2012).

Herbal remedies have also been explored. The alkamides
of E. angustifolia and E. purpurea of the plant genus
Echinacea have demonstrated anti-inflammatory character-
istics which may attenuate the over-active immune response
frequently seen in HRV infected patients (Miiller-Jakic et al.,
1994). Conversely, the polysaccharides of Echinacea may
propagate non-specific immune responses, such as the
complement system and cytokines, increasing T cell,
macrophage, and NK cell activation (Di Pierro et al., 2012).
Therefore, Echinacea plants have also been proposed as a
possible preventative treatment against HRV infection.
However, it is worth noting that if Echinacea is to be used
as a prophylactic, the alkamide levels during drug preparation
must be kept low so as to not interfere with the
immunostimulatory properties necessary for protection from
infection (Di Pierro et al., 2012).

Vitamin C enhances the immune response by increasing
INF generation and proliferation of T lymphocytes (Hemila,
1996, 1997). Accordingly, its application as a prophylactic
against HRV infection has been suggested as well. In a
double-blind, 5-year randomized controlled trial conducted
by Sasazuki et al., a significant decrease in the occurrence of
the common cold in vitamin C treated patients was observed
(Sasazuki et al., 2006). However, in this study the definition
of the common cold was not adequately described and the
results relied on the patients’ own interpretation of a common
cold. In contrast, another study by Douglas et al. concluded
that vitamin C does not reduce the incidence of colds in adults
but may have a prophylactic effect in children (Douglas et al.,
2007). Thus, the effectiveness of vitamin C as a preventative
measure against HRV infection should be explored in future
studies.

Antiviral treatments

Blockade of the ICAM-1 receptor was one of the first
approaches for developing antiviral treatments against HRV
infection (Turner, 2001). Previous in vitro studies have
demonstrated the inhibition of HRV binding to ICAM-1 using
monoclonal antibodies (Colonno et al., 1986). Initially, this
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concept was promising from the observation that when
intranasal administrations of anti-ICAM-1 antibodies were
applied to human volunteer subjects, symptoms and viral
shedding were decreased. Unfortunately, marked increases in
viral shedding, as well as more severe symptoms, were
observed after antibody treatment was suspended (Hayden et
al., 1988). Other studies targeted the ICAM-1 receptor, but
instead of blocking the attachment of HRV with antibodies,
the researchers altered the structure of the ICAM-1 receptor
by eliminating the intracellular and transmembrane subunits
of the protein (Marlin et al., 1990). When applied to human
studies, these soluble ICAMs (sICAM) reduced HRV
symptoms. The researchers also observed a reduction in
HRYV concentration in nasal secretions and IL-8 concentration
in nasal lavage fluid from treated subjects (Turner et al.,
1999). Yet, treatment with sICAM in this study did not
decrease the incidence of infection and the dosing regimen
was impractical. Alternatively, viral capsid binding agents
have been developed as a way of inhibiting virus attachment.
The drug pleconaril binds to the small hydrophobic pocket of
VP-1 which is located beneath the ICAM-1 binding canyon
on HRV (Rollinger and Schmidtke, 2011). Studies on HRV3
and HRV14 have shown that binding in this way changes the
conformation of the HRV canyon and thus inhibits the
attachment of the virus to ICAM-1. However, HRVIA
attachment was not inhibited by pleconaril, suggesting that
this drug may not act universally among different viral
serotypes (Rollinger and Schmidtke, 2011).

The HRV 3C protease is a highly conserved, among
different HRV serotypes, enzyme required for HRV replica-
tion (Turner, 2001). Antiviral therapies targeting this enzyme
have been considered a promising area of focus. One in vitro
study demonstrated the antiviral effects of the 3C protease
inhibitor, rupintrivir (Binford et al., 2005). The researchers
collected nasal lavage fluid from human volunteers and
observed complete inhibition of viral replication in all isolates
tested with rupintrivir. Other studies have reported this drug’s
ability to not only inhibit HRV replication, but also limit
HRV-induced IL-6 and IL-8 in a human respiratory cell line
(Zalman et al., 2000). The first clinical study of intranasal
rupintrivir administration demonstrated decreased illness,
reduced viral load, and mild adverse effects (De Palma et al.,
2008). However, in a later study involving natural infection,
rupintrivir did not display these same beneficial effects, and
consequently further development of this inhibitor was
discontinued (Patick et al., 2005). Nevertheless, because of
the highly conserved region of the 3C protease among many
HRYV serotypes and its effectiveness in vitro, further research
into the development of these inhibitors should continue.

Due to the large number of serotypes ( > 100), creating a
drug that displays universal inhibitory effects has remained a
challenge (Binford et al., 2005; Rollinger and Schmidtke,
2011). The most efficient method for producing broad
spectrum anti-HRV drugs should focus on highly conserved
regions among different serotypes. Due to the generally mild

symptoms and the self-limiting nature of HRV, prospective
drugs must be safe and display very little adverse side effects
as well as eliminate the possibility of viral resistance.

Influences on COPD

COPD exacerbations account for most COPD healthcare
expenditures, particularly those requiring hospitalization, and
are also associated with decreased quality of life and reduced
lung function (Donaldson et al., 2002). Acute exacerbations
of COPD are a major cause of mortality, morbidity, and
contribute to amplified healthcare costs (Sullivan et al., 2000).
According to the US Department of Health and Human
Services, in 2010 the United States expenditures were
estimated at over $49 billion in direct costs alone. Aside
from financial burden, exacerbations are also associated with
clinically debilitating symptoms such as increased airway and
systemic inflammation, airway edema, mucus plugging, and
bronchoconstriction. Treatments for these symptoms may
require hospitalization and can lead to costly interventions
such as mechanical ventilation.

Studies of COPD exacerbations have estimated that ~ 50%
are caused by viruses; HRV is numerically the most prevalent
viral type (Papi et al., 2006; Ko et al., 2008). Several
researchers have explored viral infections detected at
increased frequency during COPD exacerbations (Papi et
al., 2006; Wilkinson et al., 2006). Various models of viral
exacerbation have been described in COPD subjects. An
infective dose of rhinovirus was administered by nebulized
inhalation route to stimulate an acute exacerbation with
reduced pulmonary function (Mallia et al., 2006). However, a
more recent viral exacerbation model by the same research
group found increases in respiratory symptoms in COPD
subjects as compared to their healthy counterparts (Mallia et
al., 2011). COPD patients in the study exhibited increased
airflow obstruction, systemic and prolonged airway inflam-
mation, and increased neutrophil count following rhinovirus
inoculation. The researchers concluded that experimental
rhinovirus inoculation produced upper and lower respiratory
symptoms thereby supporting a causal relationship between
virus infection and COPD exacerbation (Mallia et al., 2011).
Moreover, two studies suggested that greater susceptibility to
rhinovirus infection is due to upregulation of adhesion
molecule ICAM-1 receptors in patients with COPD. Reta-
males et al. related this to latent expression of adenoviral E1A
in alveolar epithelial cells of patients with emphysema
(Retamales et al., 2001). Sajjan et al. associated chronic
bacterial colonization in bronchial epithelial cells to increas-
ing the expression of ICAM-1 and TLR-3 for HRV in these
cells (Sajjan et al., 2006). Others related increased exacerba-
tions with inflammatory response mechanisms and suggested
transcription factors controlling production of the anti-
inflammatories become a target of novel anti-microbials
(Potena et al., 2007). Current treatment for COPD exacerba-
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tion includes pharmacotherapy (bronchodilators and oral/
inhaled corticosteroids), supplemental oxygen, and some-
times mechanical ventilation, depending on severity. Treat-
ments described in the literature have demonstrated limited
efficacy, as shown to be partially effective, which has
unfavorable side effects, and may not address underlying
mechanisms. For example, the therapeutic effect of steroid
administration reduced the absolute treatment failure rate by
only 10% and shortened length of hospital stay by only 1 or 2
days (Niewoehner, 2002). Similarly disappointing therapeutic
effects are noted in the prevention of COPD exacerbation.
Optimum therapy combining long-acting bronchodilators
(beta-2 agonists or anticholinergics) and inhaled corticoster-
oids are only able to decrease the frequency of exacerbation
by approximately 20% (Casaburi et al., 2002; Calverley et al.,
2003). Current therapeutic interventions for viral COPD
exacerbation have not been found to be effective in the
prevention or treatment of these exacerbations. Therefore, it is
important to develop effective anti-HRV therapeutic pro-
grams to halt HRV induced COPD exacerbations. Aforemen-
tioned strategies such as hand-washing and preventative
efforts to reduce modes of transmission should be encouraged
in this high-risk population. Although current therapeutic
interventions for viral COPD exacerbation have not been
found to be effective in the prevention or treatment of these
exacerbations, the continued discovery explores the mechan-
ism of virus-induced COPD exacerbation, targeting mediators
in the pathogenesis of viral infection will subsequently ensue.

Summary

The complete mechanism of HRV attachment, uncoating, and
replication is complex and still not completely understood.
The different antigenic characteristics of the varying HRV
serotypes make it difficult to map a universal mechanism.
Although there are a wide variety of HRV serotypes, the
potential for serious respiratory complications is quite low.
Some individuals, such as asthmatics or COPD subjects, may
display more severe symptoms from HRYV infection. This
difference in illness may be due to the varying susceptibility
to HRV infection and immune system sensitivity between
different individuals. Current treatment options focus primar-
ily on limiting HRV symptoms and specific molecular
mechanism of HRV attachment and replication, which will
aid in the development of antiviral drugs. However, the most
effective method to avoid the common cold symptoms of
HRV infection is to limit the efficacy of transmission,
especially during the change in seasons.
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