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ABSTRACT

Rhinoviruses and coronaviruses cause significant morbidity in immunocompetent
people of all ages and in patients with underlying chronic medical or immunosuppressed
conditions. Newer diagnostic tests, such as polymerase chain reaction (PCR), have expanded
our understanding of these respiratory viruses in clinical infections. These sensitive diagnostic
tests have been used to describe new members of these virus families, such as human
rhinovirus C (HRVC) and human coronavirus NL-63 (HCoV-NL63). The epidemiology of
these newly described viruses will help us develop better intervention strategies.
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More than 50% of all common colds are caused
by rhinoviruses and coronaviruses.1–3 Clinically, the
common cold includes rhinitis and pharyngitis, as well
as sneezing, hoarseness, and nonproductive cough.4,5

Although self-limited in healthy people, the illness is
associated with complications in individuals who suffer
from heart or lung disease, or who are immunosup-
pressed.6–11 In infants and young children, rhinoviruses
and coronaviruses are associated with many cases of otitis
media and sinusitis.12,13 Diagnostic tests employing PCR
technologies have increased the percentage of respiratory
illnesses attributable to these viruses.14 Currently, there
are no approved antiviral agents for rhinovirus or coro-
navirus infections. This review updates recent advances in
our knowledge of these two virus groups and their
importance in respiratory viral infections.15

VIROLOGY

Rhinoviruses

Rhinoviruses are members of the Picornaviridae family
(Table 1), are positive-sense, single-stranded ribonucleic

acid (RNA) viruses with icosahedral symmetry. The
capsid is composed of four proteins: VP1, VP2, VP3,
and VP4. Proteins VP1, VP2, and VP3 are responsible
for antigenic diversity and the host immune response
following infection.16 VP4 is on the inside of the virus
and anchors the RNA core to the viral capsid.

There are more than 100 serotypes of rhinoviruses.
Many serotypes of HRV-A attach to cells by the inter-
cellular adhesion molecule 1 (ICAM-1).17 A small num-
ber of serotypes use the low density lipoprotein receptor
for attachment and entry into cells.18 One serotype,
HRV-87, requires the presence of sialic acid on cellular
receptors, unlike the major and minor group serotypes.19

Currently, human rhinoviruses are divided into
two approved species, human rhinovirus A (HRVA) and
human rhinovirus B (HRVB) and a third, human
rhinovirus C (HRVC), is awaiting ratification as a
separate species20 (Table 2). In 2003, a distinct and
previously undefined clade of HRVs were reported and
labeled HRVC.21 These newly identified HRVCs have
been circulating for at least 10 years.22,23 Recent studies
have shown that specimens passed through tissue culture
and then tested by PCR would have missed HRVCs.24
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Coronaviruses

Coronaviruses are positive, single-stranded RNA viruses
that replicate in the cytoplasm and bud into cytoplasmic
vesicles from the endoplasmic reticulum (Table 1). They
are divided into three genera: group I includes both
human (HCoV-229E and HCoV-NL63) and animal
pathogens; group II includes both human [HCoV-
OC43, HCoV-HKU1, and severe acute respiratory
syndrome (SARS)] and animal pathogens; and group
III includes only avian pathogens. CD13 (human ami-
nopeptidase N) is the cellular receptor for most group I
coronaviruses, including HCoV-229E.25 Recent studies
have shown that the newly reported group I coronavirus,
HCoV-NL63, does not use CD13 as the receptor cell
entry.26 HCoV-NL63, along with SARS-CoV, uses
angiotensin-converting enzyme 2 (ACE2) as the entry
receptor. ACE2 is found on the ciliated nasal and
tracheobronchial epithelial cells.27 Upon SARS-corona-
virus infection, ACE2 expression in the lungs is mark-
edly downregulated, and this finding helps explain
SARS pathogenesis and progression to acute respiratory
distress syndrome (ARDS). HCoV-NL63 is the only
group I coronavirus known to use ACE2 as its receptor.
The receptors for HCoV-OC43 and HCoV-HKU1
remain unknown.28 Carcinoembryonic antigen (CEA)
is the receptor for mouse hepatitis virus, a group II
coronavirus.29 Group III coronaviruses contain the avian
infectious bronchitis virus.30

PATHOGENESIS

Rhinoviruses

The pathogenesis of rhinovirus infections is through
infection of the upper respiratory tract.31 After deposi-
tion of rhinovirus in the eye or nose, there is attachment
to host cell epithelium. Infection of nasal epithelial cells
results in increased neutrophils detectable in the nasal
mucosa and secretions.32 Inflammatory mediators, in-
cluding kinins, leukotrienes, interleukin (IL) 1, IL-6,
IL-8, tumor necrosis factor-a (TNF-a), and RANTES
(regulated upon activation, normal T cell expressed, and
secreted), are released following rhinovirus infection
and are partially responsible for the common respiratory
symptoms.33–35

Coronaviruses

Coronaviruses attach to cellular receptors by the spike
proteins on their surface.36 Internalization into host cells
occurs by direct fusion with the plasma membrane or by
endocytosis. Posttranslational proteolytic processes are
important regulatory mechanisms. Polyproteins are
cleaved by viral proteases, facilitating assembly of sub-
unit protein complexes that are responsible for replica-
tion and transcription.37 There is little information on
the host response to coronavirus replication. Humoral
immune responses are detectable following natural in-
fection, but the role of cell-mediated immunity is largely
unknown.38,39

EPIDEMIOLOGY

Rhinoviruses

Rhinoviruses cause respiratory illnesses throughout the
world, in all age groups, and throughout the year
(Table 3). However, rhinoviruses are most prevalent in
the fall and spring in temperate climates.40 In a study
using PCR techniques, rhinoviruses accounted for 50%
of common colds in one prospective study.41 They
infect children in early childhood and into adulthood.
As a frequent cause of the common cold, these viruses
are responsible for millions of lost work days, school
absenteeism, and physician visits. Most rhinovirus
infections are symptomatic. Upper respiratory tract
infections caused by respiratory viruses such as rhino-
viruses are a frequent reason for inappropriate anti-
biotic use.42

The home is the principal location for trans-
mission of rhinovirus.43 School-aged children are fre-
quently the introducer of the infection. Secondary attack
rates range from 25 to 70%. Day care centers and schools
are important locations for spread of rhinovirus. Trans-
mission of rhinoviruses can occur by close contact,
autoinoculation, fomites, or aerosols.

Table 1 Rhinoviruses and Coronaviruses: Virology

Virology Rhinoviruses Coronaviruses

Family Picornaviridae Coronaviridae

Type of RNA þRNA þRNA

Lipid envelope No Yes

Capsid symmetry Icosahedral Helical

Genome size (Kb) �8 �30

Table 2 Rhinoviruses and Coronaviruses: Classification

Group Species Detection

Rhinovirus HRVA Tissue culture, PCR

HRVB Tissue culture, PCR

HRVC PCR only

Coronavirus

Group I 229E Organ culture, PCR

NL63 PCR, animal models

Group II OC43 Organ culture, PCR

HKU1 PCR, animal models

SARS PCR, animal models

Group III (Only avian) Organ culture

HRVA, human rhinovirus A; HRVB, human rhinovirus B; HRVC,
human rhinovirus C; PCR, polymerase chain reaction; SARS, severe
acute respiratory syndrome.
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Lee et al presented data showing a new clade
of HRV strains, which they called HRVC.44 Other
investigators have confirmed these findings.45–48 No
significant clinical differences have been reported in
patients with different numbers of HRVCs detected in
specimens with other viruses, especially respiratory
syncytial virus (RSV).

Clinical outcomes appear to be similar between
the HRV species. HRVC infections can have symptoms
of the common cold, pharyngitis, croup, acute otitis
media, bronchiolitis, or pneumonia.49–53 These infec-
tions have been reported in healthy children and adults
as well as in those with asthma, immunocompromised
conditions, cystic fibrosis, or multiple sclerosis.54–56

HRVCs, more than HRVAs and Bs, are major
causes of febrile wheezes in infants and of asthma
exacerbations in older children.54 Of all virus detected
from middle ear fluids in children with otitis media,
HRVCs accounted for half the infections.57 Although
reported infections have come mainly from respiratory
tract specimens, HRVCs have been reported in blood
and pericardium.53,58,59

With more sensitive PCR methods for HRV
detection, reports of long periods (> 2 to 3 weeks) of
HRV positivity have increased.60,61 Where strain typing
has been used, however, HRV shedding normally stops
within 11 to 21 days.62–64 Therefore, persistence may
represent serial or overlapping infections by multiple
untyped strains.65–67 In immunocompromised children,
HRVC strains were detected threefold longer (53 days vs
16) than in immunocompetent children.68

Recent studies have documented HRV species in
all months of the year in tropical, subtropical, and
semiarid regions.69,70 Many HRVC strains have been
found to circulate during a single year and may be
detected in subsequent years.71

Coronaviruses

Coronaviruses were detected as agents of respiratory
infections �40 years ago.72–74 They were later identified
as coronaviruses, labeled OC43 and 229E, and accepted
as a new genus in 1975. In epidemiological studies
in adults, coronaviruses were estimated to cause �15%
of adult common colds.75 Coronaviruses were found to
cause epidemics every 2 to 3 years, with reinfections

being common.76 All ages are susceptible. From epi-
demiological studies, coronaviruses were found associ-
ated with respiratory illnesses, usually in the upper
respiratory tract, but occasionally causing pneumonia.
In temperate climates, HCoV-OC43 and HCoV-229E
are transmitted primarily during the winter. They
have been linked to asthma and COPD exacerbations
in children and adults, respectively.77,78 The elderly
are also prone to these infections and are a cause of
hospitalization.79,80

Besides HCoV-OC43 and HCoV-229E, other
coronavirus strains have been recently identified. A new
coronavirus causing SARS was reported in 2003. It was
different from known human and animal coronaviruses
by DNA sequencing.81 This new coronavirus was cul-
tured from Himalayan palm civets, but it is now thought
that bats are the primary reservoir. SARS infected over
8000 people resulting in over 700 deaths.

In 2004 and 2005, three closely related coronavi-
rus species were reported.82–84 NL63 was isolated from a
7-month-old girl with coryza, conjunctivitis, fever, and
bronchiolitis.82 Sequencing the entire genome enabled
these investigators to place this virus in the group I
coronaviruses. After screening over 600 previously col-
lected respiratory specimens, seven individuals were
positive for HCoV-NL63. Four additional respiratory
specimens obtained between 2000 and 2002 were pos-
itive for HCoV-NL63. From other additional epide-
miological studies, patients with HCoV-NL63 have
ranged in age from 1 month to 100 years, with the
highest infection rate occurring before age 5 years. Using
molecular probes that targeted conserved regions of the
coronavirus genome, a related coronavirus (HCoV-NH)
was found in 79 of 895 young children tested by RT-
PCR on respiratory specimens.84

A newly identified group II human coronavirus,
HCoV-HKU1, was found in a respiratory specimen of a
71-year-old Chinese man with fever and cough.85 This
HCoV-HKU1 coronavirus was genetically distinct from
OC43 and could not be propagated in cell culture.

In a prospective study in Hong Kong, coronavi-
ruses were detected in 2.1% of patients admitted to the
hospital with signs and symptoms of acute respiratory
illness. Of the 87 infected patients, 13 were positive for
HCoV-HKU1, 17 were positive for HCoV-NL63, 53
were positive for HCoV-OC43, and 4 were positive for

Table 3 Epidemiology of Rhinovirus and Coronavirus Illness

Rhinoviruses Coronaviruses*

‘‘Common cold’’ illnesses 25–50% 7–30%

Worldwide distribution þ þ
Acquisition in childhood þ þ
Spread Direct contact, hand-to-hand contact, or aerosol Droplets

Prevalence Peak in early fall and spring Late fall, winter, and early spring

*Not including severe acute respiratory syndrome (SARS)-CoV.
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229E. HCoV-HKU1 and HCoV-OC43 peaked in the
winter months. Upper respiratory tract illness was the
most common presentation for HCoV-HKU1 infec-
tions. HCoV-NL63 infections occurred in early summer
and fall but not in winter.86

Using newer molecular assays, the group at Van-
derbilt reassessed the role of the newly described coro-
naviruses in a large cohort of healthy children who had
been followed prospectively for 20 years.87 Of the LRI
(lower respiratory infection) samples available for screen-
ing, 8.4% had positive results for HCo-V and all were
under 2 years of age. Acute otitis media was found in half
the HCo-V-infected children, but none of the children
were hospitalized. Of the URI (upper respiratory infec-
tion) samples tested, 4.7% had detectable HCo-V RNA.
Of these positive children, 51% were diagnosed with
acute otitis media. The burden of URI attributable to
HCo-V had significant year-to-year variation.

In a prospective study of respiratory viral infec-
tions among hospitalized patients, 5.7% had coronavi-
ruses identified.88 The 47 coronavirus infections
represent 10.5% of all the respiratory viral infections.
In 14 patients, coronaviruses were associated with an-
other respiratory virus. Lower respiratory tract infections
(bronchitis, bronchiolitis, pneumonia) were far more
common than upper respiratory tract (rhinitis, pharyng-
itis, laryngitis) infections, 75% versus 25%, respectively.
Over half of the infections were due to OC43-like
strains. Approximately 20% were due to 229E-like
strains and �20% were due to NL63-strains. Three
patients were infected by untypeable coronaviruses.
Coronavirus infections in the first year of life were
associated predominantly with OC43-like strains. Co-
infections with human coronavirus appear to be associ-
ated with severe lower respiratory tract illnesses.

HCoV was identified in 5.4% of specimens from
279 hospitalized adult patients with lower respiratory
tract infections.89 The most frequently identified isolates
were HCoV-OC43 in 12, followed by HCoV-229E in
seven, HCoV-NL63 in 6, and HCoV-HKU1 in four
specimens. Many patients had high-risk underlying
conditions. In several recent studies evaluating multiplex
PCR assays, HRV and HCoVs were detected in 3 to 8%
of hospitalized children <5 years of age with acute
respiratory illnesses.90–92

A recent study has provided evidence for genetic
variability in OC43 strains.93 The complete nucleotide
sequence of two contemporary OC43 strains compared
with the prototype strain (ATCC VR 759) demon-
strated important amino acid substitutions in the poten-
tial cleavage site sequence of the spike protein.

DIAGNOSIS
Standard tissue culture methods for isolation are useful
for detecting rhinoviruses but are insensitive for coro-

naviruses. Rhinoviruses can be differentiated from other
picornaviruses, such as enteroviruses, because of their
acid lability. Coronaviruses require special cell lines or
organ culture for detection by cultivation methods.
These cell or organ culture techniques are labor inten-
sive, time consuming, and relatively insensitive.

With the development of PCR techniques, the
ability to detect respiratory viruses has increased signifi-
cantly. Detection of rhinovirus in respiratory specimens
was enhanced by reverse transcription PCR (RT-PCR),
involving the use of hybridization probes or double-
stranded DNA binding dye. Several other studies have
found increased sensitivity of RT-PCR compared with
viral culture techniques.94–99 Coronaviruses have also
been detected by RT-PCR with greater sensitivity
than standard culture techniques.100

Antibody assays are reported for both rhinoviruses
and coronaviruses but are not readily available or helpful
clinically. Because there is no common antigen for
rhinoviruses, serotype-specific neutralizing antibody as-
says are necessary to detect rises in serum antibodies
following acute infections, and the large number of
rhinovirus serotypes makes this approach impractical.
Complement-fixing and enzyme-linked immunosorbent
assay (ELISA) antibody assays for coronaviruses 229E
and OC43 have been published, but are not available in
clinical laboratories.101,102 Therefore, serological tests
for antibody-specific responses are mainly reserved for
research or epidemiological studies.

INFECTIONS IN PATIENTS WITH ASTHMA
Asthma exacerbations in children and adults are fre-
quently associated with respiratory virus infections, es-
pecially rhinoviruses and coronaviruses.103–109 It was
reported that naturally occurring rhinovirus infections
led to more severe and longer-lasting lower respiratory
tract symptoms and changes in peak flow rate in asth-
matic versus normal subjects.110

Experimental rhinovirus 16 (RV16) infection in
volunteers with mild atopic asthma led to significantly
reduced forced expiratory volume in 1 second (FEV1) in
home recordings.111 In allergic subjects, RV16 infection
potentiated airway inflammation after bronchoprovoca-
tion.112 During other experimental rhinovirus infections,
significant increases in submucosal CDþ 3 lymphocytes
and eosinophils were detected in bronchial mucosal
biopsies.113 These studies have shown that airway ob-
struction, airway inflammation, and airway responsive-
ness are induced following rhinovirus infections in
asthmatic subjects.

Lower airway dysfunction following rhinovirus
infection can be triggered by direct infection of the lower
airway or by stimulating inflammatory, immunological,
or neurogenic mechanisms in the upper airway and
thereby impacting the lower airways. Papadopoulos
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et al detected rhinovirus in the columnar and basal cell
layers of the lower airways following intranasal inocu-
lation.114 In situ hybridization studies demonstrated the
replicative strand of rhinovirus in the lower airways.115

Experimental rhinovirus infections in asthmatic
subjects have demonstrated (1) long-lasting airway
narrowing; (2) sputum markers of eosinophil activa-
tion, IL-8, and neutrophils; (3) bronchial infiltration
with eosinophils, CD4 cells, CD8 cells; (4) activation
of prostaglandin and leukotriene pathways; and (5)
induction of nitric oxide.116–120 Recently, innate im-
mune responses were found to be defective in bronchial
epithelial cells obtained from asthmatic subjects. There
is also evidence of impaired acquired immune responses
in asthmatic patients. Impaired Th1 responses to rhi-
novirus were found in peripheral blood mononuclear
cells as reflected in significantly lower levels of inter-
feron-a (IFN-a) and IL-12 and higher levels of IL-10
from asthmatic patients compared with normal healthy
volunteers.121

Several recent studies have reported deficient
induction of IFN- l by rhinovirus in bronchial epithelial
cells for asthmatic patients.122 Recently, type III IFNs,
IFN- l1 and IIFN-l2/3 have been discovered with
many similarities to type I IFNs.123 Contoli et al found
that IFN-ls are induced by rhinovirus infection of
human bronchial epithelial cells, monocytes, and macro-
phages.124 Induction of IFN-l1 and IFN-l2/3 mRNAs
was significantly reduced in asthmatic compared with
normal subjects. Bronchoalveolar cells in asthma patients
were deficient in IFN-l after rhinovirus was added.
These studies support the view that innate immune
responses in asthmatic subjects have deficiencies in two
IFN families, in several lung cell types, and in response
to rhinovirus infection.

HRV infections are a major cause of wheezing
illnesses in young children.125,126 Wheezing episodes in
infancy that are virus-induced are often harbingers of
later asthma. HRV infections that resulted in hospital-
ization during infancy were recently implicated as early
predictors of subsequent development of asthma.127 Al-
most 90% of wheezing children in year 3 of the study had
asthma at 6 years of age. Outpatient HRV wheezing
illnesses during infancy were also found to be predictors
of wheezing through 3 years of age.128

HRV infections as well as other respiratory viruses
can induce the synthesis of factors that regulate airway
remodeling and alveolar development.129 These factors
include vascular endothelial growth factor (VEGF),
nitric oxide (NO), transforming growth factor-b

(TGF-b), and fibroblast growth factor (FGF). These
infections may also upregulate neurotropine, which can
cause airway remodeling and promote airway responsive-
ness. The relationship of viral respiratory tract infections,
especially rhinovirus infections, in early childhood may
contribute to early-onset childhood asthma (Fig. 1).

INFECTIONS IN PATIENTS WITH COPD
Multiple longitudinal studies have documented the
importance of respiratory viral infections in acute exac-
erbations of chronic obstructive pulmonary disease
(COPD).7,130 Early studies reported on the role of
rhinoviruses in COPD exacerbations.131 In a more
recent longitudinal study of both COPD patients and
normal controls, 27% of acute respiratory illnesses were
associated with respiratory viruses.7 Rhinoviruses ac-
counted for 43% of the viral infections. In an updated
study using PCR techniques, additional rhinovirus or
coronavirus infections were demonstrated. There was no
evidence of more frequent viral infections in the COPD
group compared with control subjects, but use of medical
care including hospitalization was only observed in the
COPD patients. Acute respiratory illness occurred more
frequently in COPD patients with moderate to severe
COPD (FEV1 < 50% of predicted) than in COPD
patients with mild COPD (FEV1 > 50% and <70% of
predicted), 3.0 versus 1.8 respiratory illnesses per year,
respectively.7

Other recent studies using PCR techniques for
respiratory virus detection have also found >40% of
COPD exacerbations associated with respiratory viruses,
especially rhinoviruses. Seemungal et al found 58% of
the virus-associated exacerbations to be due to rhinovi-
ruses, and 11% were due to coronaviruses.130 Rohde et al
also found that rhinoviruses were the most common
virus detected in virus-associated exacerbations in a
cohort of COPD patients.132 Two recent studies have
found both rhinoviruses and coronaviruses in hospital-
ized patients with acute exacerbation of COPD.133,134

There are several possible mechanisms of rhinovi-
rus-induced exacerbations in COPD patients. This may
reflect the role of receptor upregulation, new sites for viral
infections, and/or the role of inflammatory mediators.
Upregulation of intercellular adhesion molecule-1
(ICAM-1) in the bronchial mucosa of patients with
COPD has been reported in one study.130 Rhinoviruses
have also been recovered from the lower airways.132

Inflammatory mediators, especially IL-8, have been

Figure 1 Relationship of viral respiratory infections in early

life to the development of asthma. From Gern.129 VRI, viral

respiratory infection. (Reproduced with permission from

Wolters Kluwer Health/Lippincott, Williams & Wilkins, Inc.)
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found in increased levels from respiratory secretions
obtained from stable COPD patients.135

The role of bacteria in COPD exacerbations is
complex, and the interaction between bacterial and viral
infection of the respiratory tract is not well understood.
Studies have demonstrated an increase in Staphylococcus
aureus and Streptococcus pneumoniae adherence to respira-
tory epithelial cells infected with rhinovirus.136 In an in
vitro study using primary differentiated human cell cul-
ture lines, a strain of nontypeable Haemophilus influenzae
was found to potentiate airway epithelial cell responses to
rhinovirus by increasing ICAM-1 and Toll-like receptor-
3 (TLR3) expression.137 However, it is unclear whether
the interaction of respiratory virus with bacterial patho-
gens is a common cause of exacerbations or whether
respiratory viruses such as rhinovirus and coronavirus
cause these pulmonary complications alone.

RHINOVIRUS AND CORONAVIRUS
IN ACUTE OTITIS MEDIA
Viral respiratory infections are important cofactors
in predisposing children to acute otitis media.138,139

Viruses, especially rhinoviruses, result in an inflamma-
tory reaction that results in mucociliary damage, im-
paired middle ear ventilation, and increased mucus in
the eustachian tube. This leads to superinfection of the
middle ear by bacteria and fluid accumulation (effu-
sion). Chantzi et al detected rhinoviruses in 40% of
children with otitis media with effusion.140 Rhinovi-
ruses were cultured in 24% of nasopharyngeal speci-
mens. Pitkäranta et al detected rhinovirus by RT-PCR
in 24% of middle ear fluid specimens and 30% of
nasopharyngeal specimens.141 In the same study, coro-
naviruses were found in 8% of middle ear fluid speci-
mens. In a recently reported prospective study of
121 otitis-prone children, nasopharyngeal swabs were
assayed by PCR for respiratory viruses and by culture
for bacterial pathogens.142 Rhinovirus was found at
baseline in 30% of specimens. Positive PCR tests for
rhinovirus correlated with culturing Moraxella catar-
rhalis and Streptococcus pneumoniae but not nontypeable
Haemophilus influenzae. Rhinoviruses and bacterial
pathogens were found in otitis-prone children even in
the absence of clinical symptoms. Most new otitis
media episodes are coincident with an HRV URI.143

Using in situ hybridization of adenoid tissue removed
from 56 children with histories of recurrent otitis media
or adenoid hypertrophy, rhinovirus RNA was detected
in 45% of specimens.144

Middle ear abnormalities are commonly observed
with rhinovirus infections. In 91 subjects with docu-
mented rhinovirus colds, major middle ear pressure
abnormalities were found in 50%.145 The middle ear
pressure changes were not associated with earache or
severity of rhinovirus infection. Similar eustachian tube

abnormalities were observed within 2 days of experi-
mentally induced rhinovirus infection and resolved
within 2 weeks.146 The presence of rhinovirus in middle
ear fluid was associated with an antibiotic failure rate in
78% of acute otitis media cases.147,148

RHINOVIRUS INFECTIONS IN
RHINOSINUSITIS
Most patients with the common cold syndrome have
sinus abnormalities detectable by computed tomogra-
phy.149,150 Abnormalities were most frequently detected
in the maxillary and ethmoid sinuses and resolved with-
out antibiotics in 80% of patients followed over several
weeks.

Less than 20% of cases of viral rhinosinusitis are
complicated by bacterial infection.151 In a study of 20
adults with acute rhinosinusitis, 15% had virus cultures
positive for rhinovirus, but 50% were positive using
reverse transcription PCR on maxillary sinus aspirates
or nasal swabs.152 Intranasal pressure increases following
nose blowing, sneezing, and coughing. This increased
pressure is high enough to propel virus-infected nasal
reactions into the sinuses.153 However, it is unclear from
these studies whether virus replication occurs in the sinus
mucosa.

RHINOVIRUS AND CORONAVIRUS IN
COMMUNITY-ACQUIRED PNEUMONA
AND BRONCHIOLITIS
Until recently, rhinovirus and coronaviruses have not been
thought to be important causes of community-acquired
pneumonia (CAP). However, several studies using poly-
merase chain reaction (PCR) assays have shown that both
these virus groups do cause CAP in children and adults.154

Five studies in children have reported a range of 11 to 29%
positive specimens for rhinovirus.155–159 One study re-
ported 6.7% positive specimens for coronavirus 229E in
children160 (Table 4). In studies testing for respiratory
viruses in adults with CAP, rhinoviruses were detected in
2 to 18% of cases.161–166 Coronaviruses were detected in 2
to 17% of CAP cases in five published studies.161–167

Many cases of CAP had mixed infections with either a
second respiratory virus or a bacterial pathogen. There-
fore, it is difficult to be sure how important the
rhinovirus- or coronavirus-positive result was in con-
tributing to CAP. Nevertheless, there are sufficient
cases where either rhinoviruses or coronaviruses were
detected as single viruses to be confident that they do
cause CAP.

Bronchiolitis in children has been commonly re-
ported in infants and young children. The most com-
monly reported virus recovered in acute cases has been
respiratory syncytial virus (RSV). Three recent studies
reported rhinoviruses in 2.5 to 19.5% of bronchiolitis
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cases168–170 (Table 5). In three published studies, coro-
naviruses were detected in 0.3 to 8% of bronchiolitis
cases.170–172 As with CAP series, mixed infections with a
second respiratory virus were common. The full impact of
rhinoviruses and coronaviruses in both CAP and bron-
chiolitis has yet to be defined. The newer more sensitive
detection assays have expanded the importance of these
two virus groups in clinically severe lower respiratory tract
illnesses in both children and adults.

RHINOVIRUS INFECTION IN PATIENTS
WITH CYSTIC FIBROSIS
There have been a few studies examining the role of
respiratory viral infections in cystic fibrosis patients.
Collinson et al detected picornavirus in over 40% of
upper respiratory tract infections in children with under-
lying cystic fibrosis.173 There was no difference in
pulmonary function in those children with proven rhi-
novirus infection versus other respiratory viruses. Smyth
et al followed 108 patients with cystic fibrosis for 1 year
and detected rhinovirus in 16% of exacerbations.174

Those patients with proven rhinovirus infection did
not show deterioration in clinical activity but did receive
more days of intravenous antibiotics.

Olesen et al obtained sputum cultures in
75 children with cystic fibrosis, and 45 were virus
positive.175 HRV infection did not appear to affect
lung function. Having respiratory or ‘‘viral’’ symptoms
had low positive predictive value, sensitivity, and specif-
icity. The authors did not attempt to look for coronavi-
ruses. Another study assayed for HRV in 71 patients
with 165 episodes of URI. Forty percent were virus
positive who had symptoms. URI symptoms correlated
with positive virus detection independent of bacterial
culture result.176 De Almeida et al reported infections by
the novel rhinovirus species A2 and G in CF patients.
There was a definite association between detecting these
rhinoviruses and respiratory exacerbations.177

RHINOVIRUS INFECTIONS IN
IMMUNOCOMPROMISED HOSTS
Respiratory virus infections are common causes of acute
respiratory illness in patients after solid organ transplan-
tation or following bone marrow transplantation.178–182

In these immunocompromised patients, rhinovirus was
the number one detected respiratory virus by PCR assays.
Ghosh et al reported on seven of 22 hematopoietic stem
cell transplant (HSCT) recipients who developed fatal

Table 4 Community-Acquired Pneumonia Associated with Rhinoviruses and Coronaviruses

Reference Country Age Group

Specimens

Tested Rhinovirusesþ (%) Coronavirusesþ (%)

155 Brazil Children 184 21 –
158 USA Children 43 25 –
159 Turkey Children 76 29 –
157 Japan Children 1700 14.5 –
160 Kenya Children 259 – 6.7 (229E)
156 Spain Children 315 14 –
165 Canada Adults 193 2 2
164 New Zealand Adults 304 13 10
162 Netherlands Adults 105 17 14
167 Israel Adults 183 4.9 13
166 Netherlands Adults 242 – 17
163 Hong Kong Adults (chronic obstructive

pulmonary disease)

66 3 –

161 Spain Adults (immunocompromised) 92 18 –

Table 5 Rhinoviruses and Coronaviruses Detected in Infants/Young Children with Bronchiolitis

Reference Country

Specimens

Tested Rhinovirusþ (%) Coronavirusþ (%)

168 Japan 118 – 2.5 (NL63)
169 United States 180 – 8
170 Italy 182 8.8 –
171 Scotland 11,661 – 0.3–0.85
172 France NA 26.8– (hospital) 8

19.5 (community)

NA, not assayed.
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pneumonia attributable to rhinovirus infection.183 Ison et
al found an 83% (5/6) fatality rate in HSCT patients with
bronchoalveolar lavage positive samples for rhinovirus.180

In a study of 215 patients with underlying HCT (human
stem cell transplantation), 30% had infections at 100 days
posttransplant.184 The incidence for HRV was 22.3% and
11.1% for HCo-V. Median duration of virus shedding
was 3 weeks. HRV infection was associated with URI
symptoms; however, HCo-V infection was not associated
with respiratory symptoms. Two patients with HRV
before 100 days developed an LRI, and one patient with
HRV and one patient with HCo-V developed an LRI
after 100 days.

TREATMENT OF RHINOVIRUS AND
CORONAVIRUS UPPER RESPIRATORY
INFECTIONS
Because there are currently no approved antiviral
medications for rhinovirus or coronavirus respiratory
tract infections, symptomatic treatment should be
considered.185 Anticholinergic medications such as
ipratroprium or antihistamines could be used for the
commonly reported symptom, rhinorrhea. Anticholi-
nergic nasal sprays have been reported to reduce
rhinorrhea by �30%. Nasal congestion can be allevi-
ated by nasal and systemic decongestants. Several
studies have suggested that humidification with steam
may reduce nasal congestion in common colds, but the
data are not conclusive.186 Cough is a common ac-
companying problem in respiratory viral infections and
can be controlled with nonprescription cough suppres-
sants. Other symptoms such as sore throat, myalgias,
fever, or headache can be controlled with nonsteroidal
antiinflammatory drugs. Antibiotics are inappropriate
for treating viral infections, although physicians fre-
quently prescribe them.187

Using our understanding of the cellular changes
following rhinovirus infection and replication, several
antiviral agents and treatment strategies have been
tested.185 Compounds targeting cell susceptibility, vi-
rus attachment, receptor blockage, virus uncoating,
RNA replication, and viral protein synthesis have
been evaluated. Although several agents have demon-
strated both in vitro and in vivo success, none has
received U.S. Food and Drug Administration approval
because of poor bioavailability, side effect profile, or
limited potency.188–192

Viral capsid-binding compounds, such as pleco-
naril, block virus uncoating in vitro.193 Clinical trials
demonstrated significant reduction in duration of respi-
ratory symptoms in individuals receiving pleconaril for
naturally occurring colds, but the drug was not approved
because of pregnancy in women on oral contraceptives.
Several low molecular weight compounds inhibit the 3C
protease, which is essential for viral replication and

assembly.193 In volunteer trials, a 3C-protease inhibitor,
ruprintrivir, was found to reduce virus shedding but was
associated with blood-tinged mucus and irritation of the
nasal passages.194

Alternative medications, such as Echinacea angus-
tifolia or zinc lozenges, have been tested in several
volunteer trials but are not currently thought to be
clinically effective.195–197 A recent study in children
with ‘‘common cold’’ reported to show shorter mean
duration of symptoms in those taking zinc sulfate com-
pared with placebo.198 All of these studies suffer from
poor control groups or incomplete virology. However,
most reports show few side effects from taking alter-
native therapies.

PREVENTION
Spread of rhinovirus from the respiratory tract to suscep-
tible individuals may occur by aerosol, directly by contact
spread, or by fomite.199 Rhinovirus can be recovered from
the hands of �40% of adults with colds. Hand-to-hand
transmission of rhinovirus has led to evaluation of dis-
infectants that will eliminate virus on human skin and
that are thought to be clinically nontoxic. A study using
2% aqueous iodine decreased transmission in family
members who were exposed to rhinovirus-infected indi-
viduals. An evaluation of virucidal hand treatments con-
firmed the prevention of rhinovirus infections by organic
acids but not ethanol.200 Several of the tested organic
acids were found in commercially dispensed hand lotions
and could prove to be clinically useful if proven to be
effective when used under natural conditions.

SUMMARY
Newer, more sensitive diagnostic tests such as PCR have
expanded the role rhinoviruses and coronaviruses play in
respiratory illnesses. The identification of HRVC has
caused us to rethink the extent of these viruses in
respiratory illnesses. In addition, newer strains of coro-
naviruses have extended the importance of these viruses
in children.201–205 Although there are no approved
antiviral agents for these respiratory viruses, our future
understanding of the pathogenesis of these infections
should guide us in developing antiviral agents and
possibly new classes of vaccines.
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B, Pöhlmann S. Human coronavirus NL63 employs the
severe acute respiratory syndrome coronavirus receptor for
cellular entry. Proc Natl Acad Sci U S A 2005;102(22):
7988–7993

27. van der Hoek L, Pyrc K, Berkhout B. Human coronavirus
NL63, a new respiratory virus. FEMS Microbiol Rev 2006;
30(5):760–773

28. Wevers BA, van der Hoek L. Recently discovered human
coronaviruses. Clin Lab Med 2009;29(4):715–724

29. Williams RK, Jiang GS, Holmes KV. Receptor for mouse
hepatitis virus is a member of the carcinoembryonic antigen
family of glycoproteins. Proc Natl Acad Sci U S A 1991;
88(13):5533–5536

30. Lai MM, Holmes KV. Coronaviridae: the viruses and their
replication. In: Knipe DM, Howley PM eds. Fundamental
Virology. Philadelphia, PA: Lippincott, Williams & Wilkins;
2001:641–664

31. Johnston SL. Overview of virus-induced airway disease.
Proc Am Thorac Soc 2005;2(2):150–156

32. Jarjour NN, Gern JE, Kelly EA, Swenson CA, Dick CR,
Busse WW. The effect of an experimental rhinovirus 16
infection on bronchial lavage neutrophils. J Allergy Clin
Immunol 2000;105(6 Pt 1):1169–1177

33. Johnston SL, Papi A, Bates PJ, Mastronarde JG, Monick
MM, Hunninghake GW. Low grade rhinovirus infection
induces a prolonged release of IL-8 in pulmonary epithe-
lium. J Immunol 1998;160(12):6172–6181

34. Laza-Stanca V, Stanciu LA, Message SD, Edwards MR,
Gern JE, Johnston SL. Rhinovirus replication in human
macrophages induces NF-kappaB-dependent tumor necrosis
factor alpha production. J Virol 2006;80(16):8248–8258

35. Griego SD, Weston CB, Adams JL, Tal-Singer R, Dillon
SB. Role of p38 mitogen-activated protein kinase in
rhinovirus-induced cytokine production by bronchial epi-
thelial cells. J Immunol 2000;165(9):5211–5220

36. Blau DM, Holmes KV. Human coronavirus HCoV-229E
enters susceptible cells via the endocytic pathway. Adv Exp
Med Biol 2001;494:193–198

37. Pyrc K, Jebbink MF, Berkhout B, van der Hoek L. Genome
structure and transcriptional regulation of human coronavi-
rus NL63. Virol J 2004;1:7

38. Callow KA, Parry HF, Sergeant M, Tyrrell DA. The time
course of the immune response to experimental coronavirus
infection of man. Epidemiol Infect 1990;105(2):435–446

39. Schmidt OW, Kenny GE. Immunogenicity and antigenicity
of human coronaviruses 229E and OC43. Infect Immun
1981;32(3):1000–1006
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41. Mäkelä MJ, Puhakka T, Ruuskanen O, et al. Viruses and
bacteria in the etiology of the common cold. J Clin
Microbiol 1998;36(2):539–542

42. Gonzales R, Malone DC, Maselli JH, Sande MA. Excessive
antibiotic use for acute respiratory infections in the United
States. Clin Infect Dis 2001;33(6):757–762

43. Hendley JO, Gwaltney JM Jr. Mechanisms of transmission
of rhinovirus infections. Epidemiol Rev 1988;10:243–258

44. Lee W-M, Kiesner C, Pappas T, et al. A diverse group of
previously unrecognized human rhinoviruses are common
causes of respiratory illnesses in infants. PLoS ONE 2007;
2(10):e966

45. Kiang D, Kalra I, Yagi S, et al. Assay for 50 noncoding
region analysis of all human rhinovirus prototype strains.
J Clin Microbiol 2008;46(11):3736–3745

46. Tapparel C, Junier T, Gerlach D, et al. New respiratory
enterovirus and recombinant rhinoviruses among circulat-
ing picornaviruses. Emerg Infect Dis 2009;15(5):719–726

47. McErlean P, Shackleton LA, Andrewes E, et al. Distin-
guishing molecular features and clinical characteristics of a
putative new rhinovirus species, human rhinovirus C (HRV
C). PloS One 2008;3(4):e1847

48. Miller EK, Khuri-Bulos N, Williams JV, et al. Human
rhinovirus C associated with wheezing in hospitalised
children in the Middle East. J Clin Virol 2009;46(1):85–89

49. Lau SKP, Yip CCY, Tsoi H-W, et al. Clinical features and
complete genome characterization of a distinct human
rhinovirus (HRV) genetic cluster, probably representing a
previously undetected HRV species, HRV-C, associated
with acute respiratory illness in children. J Clin Microbiol
2007;45(11):3655–3664

50. Renwick N, Schweiger B, Kapoor V, et al. A recently
identified rhinovirus genotype is associated with severe
respiratory-tract infection in children in Germany. J Infect
Dis 2007;196(12):1754–1760

51. Savolainen-Kopra C, Blomqvist S, Kilpi T, Roivainen M,
Hovi T. Novel species of human rhinoviruses in acute otitis
media. Pediatr Infect Dis J 2009;28(1):59–61

52. Linsuwanon P, Payungporn S, Samransamruajkit R, et al.
High prevalence of human rhinovirus C infection in Thai
children with acute lower respiratory tract disease. J Infect
2009;59(2):115–121

53. Tapparel C, L’Huillier AG, Rougemont AL, Beghetti M,
Barazzone-Argiroffo C, Kaiser L. Pneumonia and pericarditis
in a child with HRV-C infection: a case report. J Clin Virol
2009;45(2):157–160

54. Khetsuriani N, Lu X, Teague WG, Kazerouni N, Anderson
LJ, Erdman DD. Novel human rhinoviruses and exacer-
bation of asthma in children. Emerg Infect Dis 2008;14(11):
1793–1796

55. Kneider M, Bergström T, Gustafsson C, et al. Sequence
analysis of human rhinovirus aspirated from the nasophar-
ynx of patients with relapsing-remitting MS. Mult Scler
2009;15(4):437–442

56. Miller EK, Edwards KM, Weinberg GA, et al; New
Vaccine Surveillance Network. A novel group of rhinovi-
ruses is associated with asthma hospitalizations. J Allergy
Clin Immunol 2009;123(1):98–104, e1

57. Alper CM, Winther B, Mandel EM, Hendley JO, Doyle
WJ. Rate of concurrent otitis media in upper respiratory

tract infections with specific viruses. Arch Otolaryngol Head
Neck Surg 2009;135(1):17–21

58. Urquhart GED, Grist NR. Virological studies of sudden,
unexplained infant deaths in Glasgow 1967-70. J Clin
Pathol 1972;25(5):443–446

59. Xatzipsalti M, Kyrana S, Tsolia M, et al. Rhinovirus viremia
in children with respiratory infections. Am J Respir Crit
Care Med 2005;172(8):1037–1040

60. Jartti T, Lehtinen P, Vuorinen T, Koskenvuo M, Ruuska-
nen O. Persistence of rhinovirus and enterovirus RNA after
acute respiratory illness in children. J Med Virol 2004;72(4):
695–699

61. Winther B, Hayden FG, Hendley JO. Picornavirus
infections in children diagnosed by RT-PCR during
longitudinal surveillance with weekly sampling: association
with symptomatic illness and effect of season. J Med Virol
2006;78(5):644–650

62. Cate TR, Couch RB, Johnson KM. Studies with rhinovi-
ruses in volunteers: production of illness, effect of naturally
acquired antibody, and demonstration of a protective effect
not associated with serum antibody. J Clin Invest 1964;
43:56–67

63. van Elden LJ, Sachs AP, van Loon AM, et al. Enhanced
severity of virus associated lower respiratory tract disease in
asthma patients may not be associated with delayed viral
clearance and increased viral load in the upper respiratory
tract. J Clin Virol 2008;41(2):116–121

64. Hendley JO, Gwaltney JM Jr. Viral titers in nasal lining
fluid compared to viral titers in nasal washes during
experimental rhinovirus infection. J Clin Virol 2004; 30(4):
326–328

65. Rosenbaum MJ, De Berry P, Sullivan EJ, Pierce WE,
Mueller RE, Peckinpaugh RO. Epidemiology of the
common cold in military recruits with emphasis on
infections by rhinovirus types 1A, 2, and two unclassified
rhinoviruses. Am J Epidemiol 1971;93(3):183–193

66. Dick EC, Blumer CR, Evans AS. Epidemiology of
infections with rhinovirus types 43 and 55 in a group of
university of Wisconsin student families. Am J Epidemiol
1967;86(2):386–400

67. Arden KE, Mackay IM. Human rhinoviruses: coming in
from the cold. Genome Med 2009;1(4):44

68. Piralla A, Rovida F, Campanini G, et al. Clinical severity
and molecular typing of human rhinovirus C strains during a
fall outbreak affecting hospitalized patients. J Clin Virol
2009;45(4):311–317

69. Huang T, Wang W, Bessaud M, et al. Evidence of
recombination and genetic diversity in human rhinoviruses
in children with acute respiratory infection. PLoS ONE
2009;4(7):e6355

70. Dominguez SR, Briese T, Palacios G, et al. Multiplex
MassTag-PCR for respiratory pathogens in pediatric
nasopharyngeal washes negative by conventional diagnostic
testing shows a high prevalence of viruses belonging to a
newly recognized rhinovirus clade. J Clin Virol 2008;43(2):
219–222

71. Savolainen C, Mulders MN, Hovi T. Phylogenetic analysis
of rhinovirus isolates collected during successive epidemic
seasons. Virus Res 2002;85(1):41–46

72. Tyrrell DA, Bynoe ML. Cultivation of viruses from a high
proportion of patients with colds. Lancet 1966;1(7428):
76–77

442 SEMINARS IN RESPIRATORY AND CRITICAL CARE MEDICINE/VOLUME 32, NUMBER 4 2011

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f B

rit
is

h 
C

ol
um

bi
a.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



73. Hamre D, Procknow JJ. A new virus isolated from the human
respiratory tract. Proc Soc Exp Biol Med 1966;121(1):
190–193

74. McIntosh K, Dees JH, Becker WB, Kapikian AZ, Chanock
RM. Recovery in tracheal organ cultures of novel viruses
from patients with respiratory disease. Proc Natl Acad Sci U
S A 1967;57(4):933–940

75. McIntosh K, Kapikian AZ, Turner HC, Hartley JW, Parrott
RH, Chanock RM. Seroepidemiologic studies of coronavirus
infection in adults and children. Am J Epidemiol 1970;91(6):
585–592

76. Monto AS. Medical reviews: coronaviruses. Yale J Biol Med
1974;47(4):234–251

77. McIntosh K, Ellis EF, Hoffman LS, Lybass TG, Eller JJ,
Fulginiti VA. Association of viral and bacterial respiratory
infection with exacerbations of wheezing in young asthmatic
children. Chest 1973;63(Suppl):43S

78. Monto AS. Epidemiology of respiratory viruses in persons
with and without asthma and COPD. Am J Respir
Crit Care Med 1995;151(5):1653–1657; discussion 1657–
1658

79. Falsey AR, McCann RM, Hall WJ, et al. The ‘‘common
cold’’ in frail older persons: impact of rhinovirus and
coronavirus in a senior daycare center. J Am Geriatr Soc
1997;45(6):706–711

80. Falsey AR, Walsh EE, Hayden FG. Rhinovirus and
coronavirus infection-associated hospitalizations among
older adults. J Infect Dis 2002;185(9):1338–1341

81. Peiris JS, Lai ST, Poon LL, et al; SARS study group.
Coronavirus as a possible cause of severe acute respiratory
syndrome. Lancet 2003;361(9366):1319–1325

82. van der Hoek L, Pyrc K, Jebbink MF, et al. Identification of
a new human coronavirus. Nat Med 2004;10(4):368–373

83. Fouchier RA, Hartwig NG, Bestebroer TM, et al. A
previously undescribed coronavirus associated with respira-
tory disease in humans. Proc Natl Acad Sci U S A 2004;
101(16):6212–6216

84. Esper F, Weibel C, Ferguson D, Landry ML, Kahn JS.
Evidence of a novel human coronavirus that is associated
with respiratory tract disease in infants and young children.
J Infect Dis 2005;191(4):492–498

85. Woo PC, Lau SK, Chu CM, et al. Characterization and
complete genome sequence of a novel coronavirus, corona-
virus HKU1, from patients with pneumonia. J Virol 2005;
79(2):884–895

86. Esper F, Weibel C, Ferguson D, Landry ML, Kahn JS.
Coronavirus HKU1 infection in the United States. Emerg
Infect Dis 2006;12(5):775–779

87. Talbot HK, Shepherd BE, Crowe JE Jr, et al. The pediatric
burden of human coronaviruses evaluated for twenty years.
Pediatr Infect Dis J 2009;28(8):682–687

88. Gerna G, Campanini G, Rovida F, et al. Genetic variability
of human coronavirus OC43-, 229E-, and NL63-like
strains and their association with lower respiratory tract
infections of hospitalized infants and immunocompromised
patients. J Med Virol 2006;78(7):938–949

89. Garbino J, Crespo S, Aubert JD, et al. A prospective
hospital-based study of the clinical impact of non-severe
acute respiratory syndrome (Non-SARS)-related human
coronavirus infection. Clin Infect Dis 2006;43(8):1009–
1015

90. Sung RY, Chan PK, Tsen T, et al. Identification of viral and
atypical bacterial pathogens in children hospitalized with

acute respiratory infections in Hong Kong by multiplex
PCR assays. J Med Virol 2009;81(1):153–159

91. Kim SR, Ki CS, Lee NY. Rapid detection and identification
of 12 respiratory viruses using a dual priming oligonucleo-
tide system-based multiplex PCR assay. J Virol Methods
2009;156(1–2):111–116

92. Yoo SJ, Kuak EY, Shin BM. Detection of 12 respiratory
viruses with two-set multiplex reverse transcriptase-PCR
assay using a dual priming oligonucleotide system. Korean J
Lab Med 2007;27(6):420–427

93. Vijgen L, Keyaerts E, Lemey P, et al. Circulation of
genetically distinct contemporary human coronavirus OC43
strains. Virology 2005;337(1):85–92

94. Dagher H, Donninger H, Hutchinson P, Ghildyal R,
Bardin P. Rhinovirus detection: comparison of real-time
and conventional PCR. J Virol Methods 2004;117(2):
113–121

95. van Kraaij MG, van Elden LJ, van Loon AM, et al.
Frequent detection of respiratory viruses in adult recipients
of stem cell transplants with the use of real-time polymerase
chain reaction, compared with viral culture. Clin Infect Dis
2005;40(5):662–669
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