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Abstract The common cold is the most frequent, although
generally mild, human disease. Human Rhinoviruses are the
prevalent causative agents, but other viruses are also
implicated. Being so common, viral colds, have signif-
icant implications on public health and quality of life,
but may also be life-threatening for vulnerable groups
of patients. Specific diagnosis and treatment of the
common cold still remain unmet needs. Molecular diag-
nostic techniques allow specific detection of known
pathogens as well as the identification of newly emerging
viruses. Although a number of medications or natural treat-
ments have been shown to have some effect, either on the
number or on the severity of common colds, no single agent is
considerably effective. Virus-specific management remains in
most cases a challenging potential as many factors have to be
taken into account, including the diversity of the viral ge-
nomes, the heterogeneity of affected individuals, as well as
the complexity of this long standing host-virus relationship.
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Introduction

The common cold is an acute viral infection of the upper
respiratory tract (URTI) that is usually self-limited. In the
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European Position Paper on Rhinosinusitis and Nasal Polyps
2012 (EPOS 2012), common cold is defined as acute viral
rhinosinusitis with symptoms lasting less than 10 days [1]. Itis
the most frequent human illness, with approximately 25 mil-
lion of affected individuals annually in the U.S.A. [2]. As a
result, it is associated with significant burden in terms of
medical visits as well as work and school absenteeism. Be-
cause of its increased frequency, the overall impact of this
relatively mild clinical entity is considerable [3]. Moreover,
the lack of established diagnostic procedures or specific ther-
apy, result in the use of diverse over-the-counter medications,
whereas significant number of medical visits (up to 30 %)
result in inappropriate and unnecessary antibiotic prescription,
contributing to antibiotic overuse and microbial resistance[4].
Finally, the common cold can be a trigger for severe and even
fatal disease in individuals with preexisting conditions. For all
the above reasons, prevention and effective treatment of this
condition are important unmet needs.

Epidemiology

Several studies have demonstrated that adults usually experi-
ence 1-3 URTIs per year [5], whereas children have consid-
erably more (up to 11, depending on age) and experience more
prolonged symptoms [6]. The rates of common cold per year
usually decline with age. Other risk factors include day-care
attendance [7], genetic factors [8], psychological stress [9],
smoking [10] and heavy physical training [11].

The list of pathogens that may cause common cold symp-
toms include human rhinoviruses (RVs), respiratory syncytial
virus (RSV), influenza viruses, parainfluenza viruses,
coronaviruses and adenoviruses. Less frequently, enterovi-
ruses (coxsackieviruses, echoviruses), bocavirus, EBV and
human metapneumovirus (hMPV) [12] are implicated.
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However, among all causal agents, RV are the most common,
with up to 80 % of cases [13].

In the North hemisphere, the incidence of the common cold
is low during the summer, and increases from late August/
beginning of September until early spring [14]. Factors that
contribute to the increased incidence of URTIs during the
colder months include time spent indoors, resulting in a higher
possibility of intimacy to infected individuals, and increased
levels of environmental humidity and low indoor moisture
that favor the survival of most viruses. Coronavirus infections
are mainly seen in the winter and early spring, whereas en-
terovirus respiratory infections occur primarily during early
autumn and summer. The infuenza season is between Novem-
ber and March, whereas for parainfluenza (PIV), PIV]1 &
PIV2 are usually isolated during autumn whereas PIV3 causes
outbreaks during spring and early summer [15]. RSV and
hMPYV peak incidence is from December to February [16].
Similarly, adenoviral respiratory infections have a peak inci-
dence in late winter, spring and early summer. Human
bocavirus (HBoV) URTIs are more common during the winter
most frequently as co-infections [17]. During winter, RVs are
not the main cause of colds [12]. In temperate climates, RV
infection peaks during early fall and spring, with a second
smaller peak during summer months [18], whereas in tropical
regions, it mainly presents during the rainy months [19].
Nevertheless, RVs are the most common viruses found in
the respiratory tract, independent of season [20, 21].

Pathophysiology

Transmission of viruses causing URTIs may occur via inha-
lation of viral-particles or by hand contact [22].

The pathophysiology of common cold represents a dynam-
ic interplay between host immunity and the infecting virus
(Fig. 1). A considerable amount of information comes from
studies of RV infection in volunteers [23]. After deposition in
the nasopharynx, RV attaches to specific receptors on epithe-
lial cells; the intracellular adhesion molecule-1 (ICAM-1)
receptor for RV major serotypes, the low-density lipoprotein
(LDL) receptor for RV minor serotypes and a yet unknown
receptor for type-C RVs. It then initiates inflammation via an
NF-kB-dependent mechanism [24¢]. In contrast to other re-
spiratory viruses such as RSVand influenza, RV does not have
major cytopathic effects on upper respiratory tract airway
epithelial cells [25]. It is thus recognized that common cold
symptoms are not caused by the cytopathic effects of RV on
human cells, but rather by the inflammatory response [26¢].
However, RVs disrupt the epithelial barrier function[27], fa-
cilitating epithelial cells exposure to bacteria and promoting
secondary bacterial infections, as well as other external stimuli
such as irritants and allergens.
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Clinical Presentation & Complications

Common cold symptoms are indistinguishable among differ-
ent viral causes, and include sore throat, nasal congestion,
rhinorrhea, sneezing, cough, low-grade fever, malaise and
headache. Following inoculation, the incubation period of
viruses varies significantly; 12 hours for influenza B, 1.5 days
for influenza A, 3 days for coronavirus, 4 days for RSV or PAI
and 5.5 days for adenovirus, whereas 12-72 h, (usually 24-
48 h), for RVs [28, 29]. Symptoms peak at 2—3 days post-
inoculation and generally last for 7-11 days, but occasionally
longer [30]. RVs can also be detected in 12.5 % to 33 % of
asymptomatic children [31, 32], but only in 2 % of adults [33].

Although in immunocompetent hosts the common cold is
mild and usually self-limited, it has been linked with several
complications.

Acute otitis media (AOM) presents in more than one-third
of viral URTIs in children [34], resulting from changes in
middle ear pressure and eustachian tube function or by in-
creasing the susceptibility to bacterial co-infection in the
middle ear [35].

Similarly, sinuses frequently present with effusion on com-
puted tomography (CT) and magnetic resonance imaging
(MRI) [36] during URTIs, possibly through the increased
intranasal pressure during nose blowing. Moreover, pre-
existing chronic rhinosinusitis may present with exacerbations
triggered by URTTs, especially in combination with cigarette
smoking [1].

Postviral olfactory disorders, including parosmia,
phantosmia, hyposmia, or anosmia, are associated with com-
mon cold in a percentage varying from 11 % to 40 % in
different studies [37]). These disorders most commonly affect
middle and old aged people, mainly women. In one third of
cases, spontaneous recovery may occur within 2 years. Yet no
specific therapy can be applied.

Common cold complications are not restricted to the upper
airways, as common cold viruses, including RV [27], have the
potential to infect the lower airways. In addition to
laryngotracheobronchitis and bronchiolitis, which usually
start with an URTI, RVs have been isolated in 15-25 % of
children hospitalized with community acquired pneumonia
(CAP) [38]. In all the aforementioned cases, bacterial co-
infection is present in a range of 50 %-60 % [39]. Viral
pathogens are recognized as causes of CAP in adults in lower
rates. However, in the elderly, RV infections are associated
with significant morbidity and mortality [39].

RV is critically implicated in asthma exacerbations
[40, 41], through innate immune response deficiency
in asthmatic individuals [42]. RV infection has also an
important role in exacerbations of chronic obstructive
pulmonary disease (COPD)[43] and cystic fibrosis [44].

Immunocompromised individuals, including children with
primary immunodeficiencies and patients with organ
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Fig. 1 Common cold symptoms
and possible complications result
from a dynamic interplay between
infecting virus characteristics and
host’s immune response. In the
majority of cases, common cold is
a relatively mild and self limited
illness. However, affected
individuals with defective
immunity -either because of an
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transplantations, malignancies, HIV-infection, diabetes and
auto-immune diseases are extremely susceptible to infections,
including those caused by common cold viruses[45, 46°].

Diagnosis

Identification of causative pathogens is a crucial step for
subsequent, potentially specific, management.

Samples for the identification of upper respiratory patho-
gens include nasopharyngeal (NP) aspirates, NP washes, NP
swabs, NP swabs plus oropharyngeal (OP) swabs [47], and
liquid specimens, such as sputum, tracheal aspirates and bron-
choalveolar lavages (BAL). The sensitivity and specificity of
virus detection for each sampling method can vary signifi-
cantly [48].

Antigen detection tests and different cell cultures formats
have been used. A new chip to detect antibody responses to
different RV subtypes is currently being developed in
the context of the EU project (www.predicta.eu, News,
April 2013).

PCR has proved valuable in the diagnosis of viral infec-
tions, and particularly RV infections, for which other methods
have been suboptimal [12]. It can be used in single virus
detection and quantification assays as well as in multiplex
formats allowing the simultaneous detection of up to 15
viruses and/or subtypes. Up to date, several real-time PCR
assays such as hydrolysis probes, molecular beacons and dual
hybridization probes have been incorporated into diagnostic
devices to identify respiratory pathogens. The sensitivity,
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specificity, high detection rate, cost-effectiveness (especially
in multiplexing), subtyping capability and adaptability to
emerging new viruses [49] has made real-time RT-PCR the
method of choice amongst most respiratory virus detection
techniques. Furthermore, available multiplex RT-PCR-based
approaches have significantly improved the diagnostic yield
of co-infections. Other molecular based methods are also
available, more in the research domain [50].

Despite the fact that molecular testing has improved spe-
cific diagnosis of respiratory viruses, its limitations cannot be
ignored. For example, it can only be applied to a virus once its
genome has been sequenced. PCRs do not measure viable
virus. The detection of low levels of virus late in the course of
infection, in a dual infection, or in asymptomatic people
makes it difficult to determine the clinical relevance of the
virus presence [51]. The lack of available external ref-
erence standards, difficulties in virus quantification, dif-
ferent levels of sensitivity when various types of clinical
specimens are used, makes normalization hard to
achieve or clinically undetermined [50].

Prevention

Physical Interventions URT viruses are spread primarily
through direct contact, airborne particles, and aerosols. Phys-
ical interventions include basic hygiene measures, which nev-
ertheless, can be quite effective in preventing the transmission
of the disease. Thorough hand washing [22], which is more
effective than ethanol sanitizer [52], and general protection
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against auto-inoculation by minimizing finger-to-nose spread
help to reduce the rates of transmission. Implementing barriers
to transmission, such as isolation, and hygiene measures
(wearing masks, gloves and gowns) can be effective in con-
taining respiratory virus epidemics or in hospital wards [22].

Vaccination is currently available only for influenza and is
efficient in preventing infection. Recently a new Modified
Vaccinia virus Ankara (MVA) vector encoding nucleoprotein
and matrix protein 1 (MVA-NP+M1) was evaluated in phase I
clinical trial in healthy adults and found to be both safe and
immunogenic, leading to high frequencies of responding T
cells [53¢].

Despite the ongoing efforts there are no licensed vaccines
for parainfluenza. HPIV3 cp45 is being evaluated in clinical
trials [54].

Adenoviral vaccines delivered orally have been used for
decades to prevent respiratory illnesses in USA military train-
ing installations[55].

Several approaches have been used to develop vaccines
against RSV but currently no vaccines have been approved for
use in humans[55]. Several viruses have been used as vectors
for RSV vaccine to stimulate immunogenicity [56]. Intranasal
administration gains more attention. Recently the
immunostimulatory effects of TLR ligands have been inves-
tigated with encouraging results [57¢, 58¢].

As RV is the most common culprit, vaccine development is
of great interest. An obstacle to overcome is the more than 100
different serotypes and the high-mutation rate during viral
replication. In addition natural humoral immune response in
humans is not well investigated and there are vague data on
the dominant or more virulent strains. Recent progress in the
sequencing of all known RV genomes [59], including the
newly characterized RV-C [60¢],as well as analysis of RV’s
genomic signature [61¢] makes the perception of a RV vaccine
not as impossible as it used to seem in the past. The descrip-
tion of a mouse model of RV infection and immunization has
allowed study of RV antibody responses [62]. Insights in the
way that RV misdirects the immune response against non-
neutralizing epitopes [63+¢] and identification of recombinant
VP1 and VP4 proteins of the RV capsid, which can induce
cross-neutralizing antibodies to diverse strains [64, 65¢] have
stimulated renewed interest in RV vaccination.

Passive Immunization is only available for RSV prophylaxis
of children with high risk of respiratory complications.
Palivizumab reduces RSV hospitalizations by 50 % in prema-
ture infants and in children aged <24 months with hemody-
namically congenital heart disease [66]. The more recent
Motavizumab, was shown to be more effective but resulted
in more hypersensitivity adverse events [66], hence has not
yet been approved by FDA. MEDI-557, a long-acting anti-
RSV MAD to be administrated only once or twice during the
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RSV season is under development [67]. Recently, RSV F-
specific nanobodies that bind to epitopes with high affinity
and specificity, were found to protect BALB/c mice from RSV
infection and therapeutic intranasal administration result-
ed in reduced viral replication and reduced pulmonary
inflammation [68].

Regarding influenza, two human antibodies, PN-SIA28
[69e] and Fi6v3 [70e¢], against hemagglutinin, the main target
for the influenza-neutralizing antibody response, were found
to be protective against several subtypes, suggesting new
therapeutic options.

Treatment

Symptomatic Treatment Since Sir William Osler said that
“The only way to treat common cold is with contempt” little
have changed. The treatment remains primarily supportive,
including over-the-counter products aimed at symptom relief.

NSAIDs and acetaminophen are equally effective against
common cold-induced pain and malaise [71, 72]. First-gener-
ation antihistamines improve runny nose and sneezing, but
their use in children should be avoided [73]. In combination
with decongestant they are more effective but have adverse
effects such as drowsiness, dry mouth, insomnia and dizziness
[74]. Second-generation antihistamines do not seem to have
an effect [74]. Nasal and oral decongestants provide short
term relief but their use is limited by adverse effects (rhinitis
medicamentosa and rebound congestion) [75]. The potential
immunomodulatory activities of pseudoephedrine, including
interleukin-2 and tumor necrosis factor inhibition in-vitro,
may be further explored [76]. Topical ipratropium reduces
rhinorrhea and sneezing but has no effect on nasal congestion.
Its use is well tolerated [77]. Steam inhalation, unlike the
common belief, does not improve symptoms [78] and has
been associated with severe scalds, especially in children
[79]. Cough due to URTIs is usually transient and self-
limited. A paucity of data exists for the efficacy of cough
products [80]. Antitussives are not recommended for young
children [81]. Current evidence does not support the use of
intranasal corticosteroids for the common cold [75, 82].
Because of the viral etiology, antibiotics do not work for
common cold and many people are affected by antibiotic side
effects that may also contribute to community bacterial resis-
tance to antibiotics[4].

Complementary and Alternative Treatment Another ap-
proach, which has become very popular, is the use of herbal
and nutritive remedies for general health maintenance, en-
hancing the immune system and treating of common cold. A
major issue in regard to trials of herbal remedies is that there is
no standardization of extracts used; combinations of various
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ingredients in several proportions further muddle the outcome.
Additionally the occasionally strong beliefs of participants
about treatment may influence the outcome [83].

Zinc inhibits RV replication in vitro, blocks RV binding to
ICAM-1, alters the configuration of viral capsid proteins, and
decreases histamine release [24¢]. In clinical trials, it reduced
the average duration but not the severity of the common cold
in healthy people, when taken within 24 hours of onset. There
is a significant reduction in the duration of cold at a dose of
>/="75 mg/day but the likely benefit has to be balanced against
side effects (bad taste and nausea) [84]. Regarding prophylac-
tic zinc supplementation, currently no firm recommendation
can be made because of insufficient data [84].

Vitamin D is important for the innate immune response
against URTIs. Three meta-analysis published in 2013
reached conflicting conclusions [85-87]. While low 25(OH)
D levels were associated with increased risk of viral RTIs in
children and adolescents in a dose-dependent manner [88¢],
monthly administration of 100 000 IU of vitamin D did not
reduce the incidence or severity of URTIs in healthy adults
[89]. Baseline levels of vitamin D, age, and dose of vitamine
D need to be taken under consideration.

Vitamin Cin doses of up to 4 g daily does not demonstrate
any therapeutic benefit in symptom duration or severity [90].
A combination of 100 mg Vitamin C with 10 mg of Zinc may
alleviate rhinorrhea [91]. Daily supplementation with large
doses of vitamin C does not seem to prevent common colds;
however modest but consistent effects in reducing the duration
and severity of common colds have been demonstrated [92].

As with other herbal treatments, results on Echinacea are
inconclusive [83, 93, 94]. In a recent randomized, double-
blind, placebo-controlled trial, daily supplementation with
Echinacea purpurea over a 4-month period resulted in reduc-
tion of the total number of colds. Echinacea inhibited virally
confirmed colds and especially prevented enveloped virus
infections [95].

Probiotics have a marginal effect on prevention and dura-
tion of colds [96-98]. In the elderly, probiotics appear to
reduce the common cold incidence in a dose-dependent way
[99, 100]. Heterogenecity of studies, strains and dose of
probiotics tested does not allow to make a safe conclusion.

Quercetin inhibits viral endocytosis, RV and poliovirus
protease activity, and RNA polymerase activity of some
RNA viruses. In cell cultures and in C57BL/6 mice, treatment
with quercetin after RV infection resulted in reduced viral load
and inflammatory response [101e, 102]. However, in a ran-
domized blinded trial, quercetin supplementation over
12 weeks had no influence on URTI rates or severity. A
reduction in URTI total sick days and severity was noted
only in middle aged and older subjects ingesting 1000 mg
quercetin/day [103].

Arabinogalactan is a long polysaccharide which is natural-
ly found in mycobacteria’s cells wall and plants. In a recent

placebo-controlled trial, supplementation with 4.5 g of
arabinogalactan over a period of 12 weeks, reduced the num-
ber of common cold episodes by 23 %, but had no effect on
duration or severity of the episodes [104¢].

Iota-caraageenan has antiviral effect against several respi-
ratory viruses [105, 106]. Application of a nasal spray con-
taining iota-carraageenan three times per day alleviated local
symptoms of common cold, reduced the viral load in the nasal
mucosa and reduced pro-inflammatory mediators; however,
systemic symptoms remained the same [107]. In a cohort of
135 children, nasal application of iota-caraageenan did not
alleviate symptoms but reduced the duration of the disease and
the viral load and resulted in lower incidence of secondary
infections with other respiratory viruses [108].

Beta-glucans are natural polysaccharides of the cell walls
of Saccharomyces cerevisiae, fungi and some bacteria
and they seem to have immunostimulatory effects [109].
In two recent trials they were able to reduce the occur-
rence of symptomatic common cold infections and re-
duced severity [109, 110].

The overall conclusion from the above is that although
many of the over-the-counter treatments seem to have some
activity against the common cold, this is not enough to pro-
duce robust results; therefore cost-effectiveness is question-
able, while more effective treatments are needed.

A rational approach to tackle with common cold is the
development of anti-viral agents. However, the diverse etiol-
ogy makes the development of a uniform anti-viral drug
unlikely.

Antiviral Agents have been intensely investigated for many
years. However, only a small number has reached the clinical
trial phase, and even less, bedside. The only currently com-
mercially available agents are against influenza and RSV.
Amantadine and Rimantadine, the first antivirals against in-
fluenza have been replaced by neuraminidase inhibitors (NIs),
Zanamivir and Oseltamivir, because of widespread resistance
[111]. Ns are used for prophylaxis within 48 h after exposure
and for the influenza treatment within 36 h after first symp-
toms. The treatment benefit is small (shortens symptoms by
about 1 day) but may reduce disease severity [112].
Laninamivir octanoate which has in vitro neuraminidase-
inhibitory activity against various influenza A and B viruses,
including subtypes of N1 to N9 and oseltamivir resistant
viruses, is currently being developed [113]. Ribavirin is
the only approved therapy for lower respiratory tract
disease caused by RSV. Ribavirin inhibits RSV-specific
IgE production in nasal secretions, improves pulmonary
function and may reduce the duration of severe RSV
complications such as mechanical ventilation and hospi-
talization [114]. Inhibitors of RSV entry in the host
cells, targeting the envelop F protein TMC-353121 and
MDT-637 are being under development [115¢] [116].
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Extensive research efforts have led to the discovery of many
potent antiviral agents against RV, but most have not found
their way to the clinic [117, 118, 119+], mostly due to safety
concerns. Capsid-binding inhibitors were among the first de-
veloped agents. Pleconarilwas able to reduce the viral load and
the duration of common cold by 1 day. Concerns regarding
safety precluded further development as an oral treatment. The
outcomes of a phase II study of an intranasal formulation of
pleconaril indicate that there is no difference in the incidence of
RV infections and asthma exacerbations between pleconaril and
placebo group, however relevant publications are still pending
(http://www.clinicaltrials.gov, NCT00394914). Vapendavir
(BTA-798) exhibits antiviral activity against known RV-A
and RV-B serotypes as well as selected RVs; activity against
RV-C has not yet been established. In healthy volunteers
vapendavir was well tolerated and reduced the peak viral load
after experimental challenge[24¢]; currently is being evaluated
for the treatment of RV infections in patients with asthma
(http://www.clinicaltrials.gov, NCTO01175226). Another
promising molecule was RV 3C protease inhibitor
Ruprintrivir. Topical administration inhibited symptoms in
experimental RV infections even when administered 24 h
after exposure; however in a natural setting it failed to
ameliorate clinical manifestations or viral load [24¢].

Interferons regulate immune response to viruses by inhibiting
virus replication and enhancing phagocytosis and cytotoxicity.
Intranasal IFN-a2 reduces respiratory illness when administered
either continuously during a respiratory virus season or intermit-
tently as post-exposure prophylaxis in the family setting, but has
little to no effect on the development of infection or symptoms
when provided after infection [118]. Combining interferon with
conventional compounds provides greater benefits [120]. How-
ever, adverse reactions (nasal irritation, mucosal friability, and
bleeding) have limited its potential. Recently, a low-dose recom-
binant human IFNo-2bnasal spray was developed [121] in order
to reduce adverse reactions and seem to be efficient for preven-
tion of infections caused by influenza A and B, PIV 1-3 and
adenovirus species but not RSV. New insights into the role of
IFN-b in combating viral infections, nominate it as promising
antiviral agent, especially for asthmatic individuals [122e].

In the context of exploring possible antiviral and/or anti-
inflammatory means of therapy in common cold, a variety of
pharmacological agents [123—131] that are beneficial in dif-
ferent disease entities (Table 1) have been also tested, however
with inconclusive results.

While most of the anti-viral therapies have significant
results in vitro and sometimes in animal models, they have
failed to show benefit in humans. Practical issues, as the need
of administration at the onset of symptoms of common cold,
are among the reasons currently impeding their use. To reduce
the risk of resistance and enhance the effectiveness of agents,
the combined use of antiviral agents with different mecha-
nisms of action, may be a useful strategy [24¢].

Conclusions

Molecular-based diagnosis as well as emerging therapeutic op-
tions targeting specific viruses or host immunity related mecha-
nisms are promising regarding the development of effective
treatment strategies for the common cold and its complications.
In particular, groups such as asthmatics, immunocompromised
individuals, young children and the elderly, remain vulnerable.

However, since the common cold is generally a mild and
self-limiting condition, a potential therapy has to be safe and
effective with practically no side effects. Moreover, respirato-
ry viruses present with great plasticity, and their evading
mechanisms may result in drug resistance. To further compli-
cate this issue, research on viral molecular genetics highlights
evidence of intimate relationship among some viruses and
humans, e.g. influencing the selection pressure that contrib-
utes to the maintenance of major histocompatibility complex
(MHC) diversity and the host immune response [132]. Possi-
ble consequences from the disturbance of this long standing
and elegant balance by eliminating viral pathogens should be
carefully considered.

Finally, practical and logistical issues such as time and cost
related limitations of molecular diagnosis, timing of therapy
administration and macroeconomics comparing health care costs,
have to be taken into account when balancing the pros and cons
of common cold treatments in the general population.
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