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SARS-CoV, human coronavirus NL63 (HCoV-NL63) and
HCoV-HKU1 were first described in 2003, 2004 and 2005
respectively. Nevertheless, discovery of three new human
coronaviruses does not necessary represent a sudden
increase in emerging infections by new coronaviruses.
Only SARS-CoV has recently been introduced to the
human population; the other two have been circulating
in humans for a long time. HCoV-HKU1 and HCoV-NL63

are respiratory coronaviruses, are frequently found
during lower and upper respiratory tract infections, have
spread worldwide, and prefer the winter season. These
characteristics do not differ greatly from the symptoms
described for the ‘old’ viruses HCoV-229E and HCoVOC43. This report presents an overview of the current
knowledge of the four human coronavirus that are now
circulating in the human population.

Introduction
Coronaviruses cause a variety of diseases in animals
including respiratory tract and central nervous system
disease and gastroenteritis, but in humans the coronaviruses are only proven to be associated with respiratory
tract illnesses. The most aggressive human coronavirus
is SARS-CoV, which causes severe acute respiratory
syndrome (SARS), a lung disease often fatal in humans
[1–3]. SARS-CoV probably originated from a wild
animal reservoir, most likely bats [4,5], and was initially
transmitted to humans via infected civets. Causing about
8,000 illnesses and at least 800 deaths in 2003, SARSCoV clearly demonstrated the potential for a novel
coronavirus to jump the species barrier to humans and
cause high morbidity and mortality. Fortunately the
epidemic was controlled by a highly effective global
response that used the traditional public health measures
of case isolation, contact tracing and selective quarantine. As a result, SARS-CoV is no longer circulating in
humans. Nevertheless, there are at least four other
HCoVs that are circulating globally in the human population, especially in young children. Two, HCoV-OC43
and HCoV-229E, were identified in the mid 1960s [6,7],
whereas two others, HCoV-NL63 and HCoV-HKU1,
were discovered recently [8,9]. HCoV-229E and HCoVOC43 were tested for pathogenicity in human volunteers, which helped to demonstrate that these viruses
cause common colds [10]. For the new viruses HCoVNL63 and HCoV-HKU1 both a human test system and
© 2007 International Medical Press 1359-6535

an animal model are lacking at present. In this review we
will give an overview of the diseases that are reported to
be due to infection by HCoV-229E, HCoV-OC43,
HCoV-NL63 and HCoV-HKU1, the four human
coronaviruses that are currently circulating.

HCoV-229E and HCoV-OC43: the handkerchief studies
The first cultured human coronavirus (B814) was
obtained from a boy with a typical common cold [11]. In
1965 Tyrrell and Bynoe reported that the virus isolated
from this boy could be cultured in organ cultures
prepared from tracheal cells of human embryos [6].
Infection of these cells caused a mild cytopathic effect
and a reduced ciliary activity [6]. The real proof of viral
replication in the cultures and the fulfillment of Koch’s
postulates was obtained by inoculating the cultured virus
into healthy adult volunteers. These volunteers developed
a typical common cold. Fever was rarely observed, but
there was often considerable malaise, and it was noted
that “the nose often streamed with watery secretion” [6].
The numbers of used handkerchiefs per day were
measured as an indicator of the severity of nasal secretion, and it was mentioned that with coronaviral infection the volunteers might use up to 120 paper
handkerchiefs in 1 day. Other observations included
little cough and no sputum and on average the disease
cleared up in less than a week. Soon thereafter more
coronaviruses were isolated from humans, and among
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them was the HCoV-229E strain [7]. For HCoV-229E
also the symptoms after inoculation of the virus into
healthy volunteers were studied. There was no difference
observed between the symptoms induced by B814 infection and those induced by 229E infection. Infection by
either virus induced roughly the same symptoms, with
similarly high numbers of handkerchiefs used, malaise
and limited coughs. The high number of handkerchiefs
was very typical for coronavirus infection, and was
rarely observed during rhinovirus infection [10]. In
1967 McIntosh et al. described more coronaviruses
isolated from National Institutes of Health employees
with acute upper respiratory tract illness [12]. One of
these isolates was HCoV-OC43. Inoculation of HCoVOC43 (and all other OC strains: OC44, OC48, OC16,
OC37 and OC38) into healthy adult volunteers
resolved also that these viruses were a causative agent
for common cold [13]. The observed common cold
symptoms were similar to those described for B814 and
HCoV-229E. Regrettably, quantitative analysis of the
used handkerchiefs was not included in this study.
McIntosh et al. demonstrated that antibodies from an
HCoV-OC43-infected person did not neutralize HCoV229E, providing the first evidence that these viruses were
serologically unrelated [14]. Based on serology and
genetics the coronaviruses can be sub-divided into three
groups. The group III viruses are found exclusively in
birds, whereas viruses from group I and II have mammals
as their hosts. HCoV-229E was regarded the prototype of
the group I human coronaviruses and HCoV-OC43 the
prototype of the group II human coronaviruses. The first
diagnostic assays were based on serological surveillance
studies. Infection by a coronavirus was diagnosed in the
case of a significant rise in antibody titre. A survey of the
symptoms observed in adults who displayed serological
evidence of group I infection demonstrated that the colds
were relatively mild when compared with the symptoms
observed in a group II infection [15]. During group I
coronaviral infections mainly nasal symptoms were
observed, whereas colds caused by group II coronaviruses
presented with nasal complaints, sore throat and cough.
Because the HCoV-229E and HCoV-OC43 strains
were the easiest viruses to culture, follow-up studies
between the 1960s and 1990s included only these strains.
The other early isolates (OC16, OC37, OC38, OC44 and
OC48) were unfortunately lost for follow up. Moreover,
the first strain that was identified, B814, was regrettably
lost for further investigations. Over the years HCoV229E and HCoV-OC43 became the species names.

HCoV-229E and HCoV-OC43 infection in children and
the elderly
In all studies of adult volunteers that were inoculated
with human coronaviruses, no lower respiratory tract
infections (LRTI) were observed. However, Bradburne
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et al. suggested in one of the first publications on HCoVs
that the lower respiratory tract is more susceptible in
young children [10]. Where healthy adults have only
upper respiratory tract illnesses (URTI), children might
endure LRTIs. The first study in children measured rises
in antibody response during an LRTI. A rise in titre of
antibody to the HCoVs was observed in 8.2% of cases,
but also in 1/13 control children without respiratory
symptoms (7.7%). The disease observed in the children
with LRTI was predominantly bronchitis, but also laryngotracheitis (croup), bronchiolitis and pneumonia [16].
However, it is not certain whether the LRTI was caused
by the coronaviral infection because a rising antibody
titre can also be observed in healthy children without
symptoms. In elderly people with acute respiratory tract
illness, a rise in antibody titre is frequently observed
(26%) [17]. Of these elderly people, 98% had upper
respiratory symptoms and 43% also developed lower
respiratory symptoms. However this latter study lacked a
control group, so no firm conclusions can be drawn as to
whether the coronaviral infections are the causative agent
for the disease in these elderly people. This addresses an
important issue: to connect a disease to a certain
pathogen, control groups are needed. For healthy adults
it is proven that the coronaviruses cause common colds.
For the more vulnerable population – children, the
elderly and immunocompromised persons – the type of
symptoms caused by coronaviral infection is unknown. It
is most likely that the symptoms will be respiratory
disease, probably of a severe nature due to a hampered
immune response in these groups. However, control
groups must be included to rule out the possibility that
coronaviruses are innocent bystanders, uninvolved in the
pathogenesis of the disease. Van Elden et al. performed
an elegant study which solved this matter for children
[18]. They described the frequent detection of HCoV229E and HCoV-OC43 in children with acute respiratory
tract illnesses (11%), using a real-time reverse transcriptase-PCR format. In this study 273 control samples were
included, mainly derived from asymptomatic bone
marrow transplant recipients who did not suffer from
respiratory illness. In the control group only one positive
respiratory sample was detected (0.37%, P<0.01 [t-test]),
thus providing evidence that HCoV-229E and/or HCoVOC43 infection in children is associated with upper and
lower respiratory tract illnesses that are more severe than
the common colds described in healthy adults.

HCoV-229E and HCoV-OC43 and other diseases
Some studies have suggested that human coronaviruses,
in particular HCoV-OC43, might be involved in gastrointestinal disease. Coronaviruses can be detected in stool
samples, and antibodies directed to HCoV-OC43 are
observed more frequently in children with gastroenteritis
[19]. Yet none of the HCoV-OC43-inoculated volunteers
© 2007 International Medical Press
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developed a gastrointestinal disease [10,13]. An
explanation might be that immunocompromised adults
or children can shed coronaviruses via the gastrointestinal route, even without a gastrointestinal disease.
Another theory is that coronavirus infections might
play a part in multiple sclerosis. Mouse hepatitis virus, a
murine coronavirus, is a close relative of HCoV-OC43
and causes a multiple sclerosis-like demyelinating disease
in the central nervous system of rodents [20]. In 1980
Burks et al. cultured two coronaviruses from brain
material obtained at autopsy from two multiple sclerosis
patients [21]. Furthermore, multiple sclerosis patients
showed slightly higher concentrations of serum antibody
directed to coronaviruses than controls. Another report
on multiple sclerosis patients presented 12 coronaviruspositive brain tissues among 21 multiple sclerosis
patients, but also two positives in 21 control tissue
samples [22]. With PCR-based methods the detection of
HCoV-OC43 and HCoV-229E in brain tissue became
more sensitive and it was demonstrated that RNA from
these viruses can be detected in both multiple sclerosis
patients and in controls, but at higher levels in the
multiple sclerosis patients [23,24]. However, the higher
frequency of coronavirus detection in some studies might
not represent a causal relationship. It could correspond
to an increased susceptibility of these patients to
coronavirus infection in the brain, due to the damage to
the blood–brain barrier.

Identification of HCoV-NL63 and HCoV-HKU1
In January 2003 a 7-month-old child was brought to an
Amsterdam hospital with bronchiolitis. Diagnostic tests
for all known respiratory viruses were negative, but a
cytopathic effect on LLC-MK2 cells was apparent. Using
the virus discovery cDNA-amplified fragment length
polymorphism (AFLP) (VIDISCA) method we discovered
a novel virus and the complete genome of the virus
(named HCoV-NL63) showed that it was a novel group
I human coronavirus [8].
A second research group in the Netherlands reported
detection of essentially the same virus shortly thereafter.
Fouchier et al. described a virus (which they named
HCoV-NL) in a Vero-E6 cell culture supernatant [25]
that was originally obtained in 1988 from an 8-monthold boy suffering from pneumonia. The similarity to the
previously described HCoV-NL63 strain was very high
(98.8% at the nucleotide level) and it can be concluded
that these two virus isolates represent the same species.
Almost 1 year later, a third group described the
identification of the same human coronavirus [26].
Using universal coronavirus primers, patient samples
were identified with coronaviruses that did not match at
the nucleotide level with HCoV-229E, HCoV-OC43 or
SARS-CoV. These authors gave their virus the name
‘New Haven coronavirus’ (HCoV-NH), although the
Antiviral Therapy 12:4 Pt B

partial sequences of their isolates clearly show that the
novel coronaviruses identified in New Haven, USA, are
very similar to the isolates from the Netherlands
(94–100% identical at nucleotide level), and thus
represented the same species [27,28].
In contrast to HCoV-NL63, HCoV-HKU1 was
discovered only once. In 2004 a 71-year-old Chinese man
with chronic obstructive airway disease was admitted
to a Hong Kong hospital because of 2 days of fever
and productive cough. Amplification with universal
coronavirus primers revealed a coronaviral sequence, and
amplification of the complete genome showed that the
virus was a novel group II human coronavirus only
distantly related to HCoV-OC43.
In the 1960s many strains of human coronaviruses
were cultured. Unfortunately, all except two (HCoV229E and HCoV-OC43) were lost for further studies. It
is possible that some of these were actually HCoV-NL63
or HCoV-HKU1 strains, but viral sequences of these
strains are lacking so this will remain a mystery.

Clinical symptoms observed during infection by
HCoV-NL63 and HCoV-HKU1
Nowadays, inoculation of volunteers to determine the
spectrum of disease caused by a novel virus of uncertain
pathogenicity is no longer ethically defensible. Therefore
the only methods to investigate respiratory symptoms
caused by a newly identified virus are through animal
model studies and detailed epidemiological studies with
appropriate controls. Unfortunately, there is no animal
model available for the novel HCoV-NL63 and HCoVHKU1 viruses. Even worse, not even a culture system is
on hand for HCoV-HKU1. Therefore it is not possible to
fulfill Koch’s postulates for these viruses. The best
method to unravel the relation between the viruses and
disease is to determine whether there is a significant
association with a disease.
HCoV-NL63 and HCoV-HKU1 have spread
worldwide, with infections in Europe, North America,
Australia and Asia [29–42]. The index patients in whom
the viruses were first described suffered from severe
LRTIs such as pneumonia and bronchiolitis. But the
viruses can also be identified in patients with URTIs
[8,31,43]. Furthermore, the high frequency of double
infections is of note, especially in the HCoV-NL63
infected patients [26,29,30,44]. To obtain a clear picture
of the symptoms observed in infected patients, only
those persons without a second respiratory infection
should be investigated in detail. In Table 1 and Table 2
the symptoms described for single HCoV-NL63 or
HCoV-HKU1 infections are listed. Fever, cough and
rhinorrhoea are frequently observed, and infection is
often diagnosed in patients with an underlying disease.
Most, if not all, patients that are hospitalized with
HCoV-NL63 or HCoV-HKU1 infections are children,
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adults with underlying disease or elderly [45]. Of the
patients without an underlying disease only one HCoVNL63-infected elderly person died from the respiratory
disease [31]. Two HCoV-HKU1-infected adults died, but
they had severe underlying illness (diabetes mellitus, old
myocardial infarction and gastric lymphoma in one
patient, and prostate carcinoma, cerebrovascular
accident and diabetes mellitus in the other patient [46]).
So, in general, infection by HCoV-NL63 and/or HCoVHKU1 is not lethal. A large study of Hong Kong children
with coronavirus and acute respiratory tract infection
analysed the symptoms related to HCoV-HKU1 infection
(Table 2). In these children febrile seizures were
frequently observed (38%), and these occur less often in
children infected by HCoV-OC43 (6%, P<0.05 [44]).
Also, in single HCoV-NL63 infections febrile seizures
occur quite often (18% in [47], 30% in [30]), but a
feature typical of HCoV-NL63 infection is croup. Hong
Kong studies and a Korean study reported high frequencies of HCoV-NL63 in children with croup (Table 1,
[30,39,47]) (see also below: ‘HCoV-NL63 infection and
association with disease’).

HCoV-NL63 infection and association with disease
Strictly speaking, an association with disease can only be
determined when an appropriate control group without

disease is included. Most studies of HCoV-NL63 and all
studies of HCoV-HKU1 did not include a control group.
For this reason, all symptoms described with infections
should be taken with some caution, because it cannot be
discounted that infections might occur that are not the
causative agent for a disease. In total there are only three
studies on HCoV-NL63 that included a control group.
As mentioned in the previous section, several studies
observed the high incidence of croup among HCoVNL63 infected children [30,39,47]. In one study HCoVNL63 in croup and non-croup children was analysed
[44]. The virus was present in 17% of the children with
croup, compared with only 4% in the control group of
children that suffered from non-croup illnesses like
bronchiolitis and pneumonia (P<0.0001). Croup can be
caused by several respiratory viruses, but in the literature
the parainfluenzaviruses are regarded as the main
causative agents for croup [48]. In the aforementioned
study of croup children, HCoV-NL63 virus was detected
even more frequently than the parainfluenzaviruses [44].
HCoV-NL63 has also been associated with Kawasaki
disease [49]. Kawasaki disease is one of the most
common forms of childhood vasculitis [50]. It presents
with prolonged fever and a polymorphic exanthem,
oropharyngeal erythema and bilateral conjunctivitis. A
number of epidemiological and clinical observations

Table 1. Clinical symptoms and diagnosis in HCoV-NL63-positive patients without a second respiratory infection
Symptoms

Country

n

NL63
positive* Fever

Netherlands
Australia
Canada I
Japan†
Belgium
Hong Kong
France
Canada II
Japan II
Switzerland¶
Germany¶
USA
Canada III
Korea¶
Italy
Hong Kong II
Sweden

4
10
19
3
5
12
18§
24
5
4
20
79
3
6
8
17
11

2.9
2.1
3.6
2.5
2.3
2.6
9.3
2.1
1.2
7.3
5.2
8.8
3.0
1.6
1.1
0.4
6.0

50
70
79
100
80
18
61
30
100
100
40
48
ND
100
14
ND
27

Cough

Coryza
/rhinorrhoea

50
70
47
100
60
73
ND
58
80
100
ND
64
100
ND
43
ND
27

75
60
10
100
20
64
39
42
80
100
ND
61
100
ND
57
ND
54

Pharyngitis
/sore throat
/hoarseness

Bronchitis/ Pneubronchiolitis monia

Croup

KawaUnderlying saki
Referdisease
disease ences

ND
50
26
33
20
27
22
8
0
75
ND
ND**
ND
ND
ND
ND
18

0
50
10
100
60‡
0
33
46
20
ND#
65
ND**
33
0
0
6
18

0
10
5
33
0
27
0
4
0
ND#
45
0
0
50
ND
12
0

100
30
5
0
80
27
5
69
60
0
0
52
33
0
ND
59
9

0
0
0
0
0
0
5
4
0
ND#
5
ND**
0
33
0
18
0

0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0

[25]
[29]
[31]
[32]
[33]
[30]
[34]
[43]
[80]
[35]
[44]
[26,49]
[56]
[39]
[40]
[47]
[42]

Percentages of HCoV-NL63 patients with each symptom are given. ND (not determined) indicates that either it was uncertain whether the symptom was scored or it
was not possible to calculate the percentage for only single NL63 infections *Total percentage of all samples tested showing HCoV-NL63 infections with single and
double infections. Symptom statistics presented are of only single infections. †Selected for bronchiolitis. ‡Non-pneumonia LRTI. §Medical records were available for
18 of the 28 patients. ¶Selected for lower respiratory tract illness (LRTI). #No specification in LRTI was described. **Only individual clinical features, such as chest
retractions, wheezing and abnormal chest radiography, were listed. From this the total number of patients with a specific diagnosis could not be determined.
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suggested previously that an infectious agent might be
the cause of Kawasaki disease (reviewed in [51]).
Respiratory samples from 8/11 children (72.7%) with
Kawasaki disease and from 1/22 control subjects (4.5%)
were positive for HCoV-NL63 (P<0.01). This link
between HCoV-NL63 and Kawasaki disease is
intriguing, but at the same time is questioned. Several
research groups screened for HCoV-NL63 in Kawasaki
disease patients, but could not confirm the presumed
association. Very low numbers of HCoV-NL63-positive
respiratory samples were obtained from Kawasaki
patients [52–55].
The third study that used a control group was
conducted in Canada [56]. HCoV-NL63 was detected
in nasopharyngeal aspirates from 3.0% of young
children hospitalized for treatment of acute respiratory
tract infections (12/396 children). However, the virus
was also present in 1.7% of the samples obtained from
asymptomatic control children (3/177). Because of the
high frequency of HCoV-NL63 in the control group,
the conclusion that HCoV-NL63 is not associated with
respiratory tract illnesses seems defendable. However,
the three control subjects that tested positive were
perhaps not asymptomatic. These three children visited
the hospital for myringotomy (n=2) and tonsillectomy
(n=1). It is most likely that these surgical interventions
were necessary because of chronic otitis media. Human
coronavirus can be detected relatively frequently in
children with otitis media (11%, [57]).

Sero-prevalence studies
The human coronaviruses are responsible for a high
number of common cold cases each winter season [58].
This implies that during a lifetime almost every individual
will experience an infection with these viruses, and consequently each will carry antibodies. The early literature on
human coronaviruses demonstrated that antibodies to
the viruses are frequently present [13]. However, in these
antibody studies there was no discrimination between

infections by viruses that belong to the same serotype (for
example, HCoV-NL63 and HCoV-229E). A better
understanding of the antibody response to the group I
coronaviruses was provided by Hofmann et al. [59].
They used pseudotyping to measure specific neutralizing
antibodies to HCoV-NL63 and HCoV-229E in human
sera. Retroviral particles expressing the HCoV-NL63
spike protein or the HCoV-229E spike protein were
compared in neutralization assays. From this study it
could be concluded that virtually all sera obtained from
adults were able to neutralize HCoV-NL63. A completely
different result was obtained with 229E pseudovirions.
HCoV-229E neutralization occurred only in a minority
of the samples from healthy adults [59]. This indicates
that HCoV-229E infections occur less frequently than
HCoV-NL63 infections.
In the first publication on HCoV-HKU1 an ELISAbased antibody test was used to measure specific antibodies directed to the HKU1-nucleocapsid protein [9].
During the HCoV-HKU1 infection of the index patient a
seroconversion for HCoV-HKU1 could be clearly
observed. However, the antibody levels to HCoV-HKU1
in healthy adults are generally low, with only 2% of the
healthy adults displaying a significant antibody titre
directed to the nucleocapsid protein [9]. Unfortunately it
is not possible to determine levels of neutralizing antibodies, because there is no culture system for HCoVHKU1. A low frequency of HKU1 antibodies in adults
might imply that HCoV-HKU1 has been recently introduced into humans via zoonotic transmission. However,
the worldwide spread of the virus, its low mortality and
its heterogeneity contradict this theory [36–38,60]. The
situation might be similar to that of the group I coronaviruses. HCoV-NL63 infections occur more frequently
than HCoV-229E [33,35,59], and the antibody levels to
HCoV-NL63 are higher than the levels for HCoV-229E.
Of the group II viruses, infection by HCoV-OC43
occurs more frequently than infection by HCoV-HKU1
[47], and, like the 229E–NL63 situation, the levels of

Table 2. Clinical symptoms and diagnosis in HCoV-HKU1-positive patients without a second respiratory infection

Country

n

HKU1positive* Fever

Cough

Coryza/
rhinorrhoea

Hong Kong
Australia
Hong Kong II†
France
USA
Hong Kong III

2
9
10
5
9
13

0.5
3.1
2.4
4.4
1.0
0.3

ND
ND
70
0
50
ND

ND
ND
10
20
70
ND

ND
ND
80
60
60
ND

Symptoms
Pharyngitis/
sore throat/ Bronchitis/
hoarse ness bronchiolitis

Pneumonia

ND
ND
20
0
ND
ND

100
ND
100
0
20
8

ND
ND
0
0
10
8

Croup
0
ND
0
0
0

Underlying Febrile Referdisease
seizures ence
50
ND
80
60
50
62

0
ND
0
20
0
38

[9]
[36]
[46]
[37]
[38]
[47]

Percentages of HCoV-HKU1 patients with each symptom are given. *Total percentage of all samples tested showing HCoV-HKU1 infections with single and double
infections. Symptom statistics presented are of only single infections. †Only pneumonia.
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antibodies to HCoV-OC43 in the human population
might be higher than for HCoV-HKU1.

Treatment options
At present, there are no effective antiviral options
available to treat infection by HCoV-229E, HCoVOC43, HCoV-NL63 or HCoV-HKU1. Most current
antivirals that are designed for coronaviruses target
SARS-CoV and have not been tested for inhibition of
the coronaviruses that are currently circulating in the
human population. However, an effective antiviral
treatment might be required for the coronavirus
infection of children, elderly or patients with underlying
illnesses. Several inhibitors are known to reduce
in vitro replication of at least some coronaviruses,
including HCoV-NL63 and/or HCoV-229E. These
inhibitors act at various steps of the coronavirus
replication cycle, including receptor binding,
membrane fusion, transcription, replication and
post-translational processing.
Inhibition of the fusion of the viral and cellular
membranes is an attractive objective for therapy. Two
heptad repeat regions, HR1 and HR2, are situated within
the S2 part of the spike protein. Subsequent to binding of
the virus to its receptor, the spike protein changes its
conformation, forming a six-helix bundle containing 3
HR1s and 3 HR2s [61]. At the same time a viral fusion
peptide is exposed which mediates membrane fusion
between the virus membrane and the host cell
membrane. Synthetic HR2 peptides are potent
inhibitors of viral entry because an HR2 peptide interacts
with the viral-HR1, blocking the formation of the
natural six-helix HR1–HR2 bundle. As a result,
membrane fusion is prevented. The inhibitory effect of
synthetic HR2 peptides has been shown for retroviruses,
paramyxoviruses and coronaviruses [62,63].
Inhibition of viral replication can also be achieved
by degrading the viral genome using RNA interference
(RNAi) [64]. In vitro experiments revealed that small
interfering RNA (siRNA) molecules that target the
HCoV-NL63 genome efficiently inhibit viral replication
[63]. Experiments in animals have proven that virusspecific siRNAs administered intratracheally can be
used to inhibit infection by respiratory syncytial virus
(RSV), parainfluenza virus and SARS-CoV [65–67]. In
the future, inhalation of a cocktail of siRNAs aimed at
all different coronaviruses, or, preferably, all respiratory
viruses, might provide an effective therapy to block
viral replication in the lungs.
Several compounds can inhibit coronaviral replication
at the level of transcription. Examples are the pyrimidine
nucleoside analogues β-D-N4-hydroxycytidine and 6azauridine [63]. However, the exact mechanism by
which these agents inhibit transcription during viral
replication is unclear.
656

SARS-infected patients were often treated with
ribavirin, but there is no evidence that it led to recovery.
Instead, haemolytic anaemia, a side effect of this treatment, was observed in some studies [68]. For HCoVNL63 and HCoV-229E an in vitro inhibitory effect of
ribavirin was not observed [63,69].
Type I interferons (IFN) are part of the innate immune
response and are produced early after viral infection.
These interferons inhibit a wide range of viruses,
including SARS-CoV and HCoV-229E [69–73].
Intranasal sprays of interferon given 1 day and 3 days
after HCoV-229E challenge can protect volunteers from
infection. However, longer dosage of interferon gives rise
to nasal symptoms such as bloodstained discharge,
which makes compliance difficult [74,75].
Intravenous immunoglobulin (IVIG) is successfully
used to treat several diseases, mostly primary immune
deficiencies and autoimmune neuromuscular disorders,
but also respiratory diseases including RSV [76] and
Kawasaki disease [77]. HCoV-NL63 can be inhibited, in
vitro, by IVIG [63], but it is not known whether IVIG
will also inhibit replication of other coronaviruses.
During the SARS-CoV outbreak, IVIG was used to treat
patients. It was thought that the immunomodulatory
effect of IVIG might be of benefit during SARS infection.
In general, the patients seemed to improve upon IVIG
treatment, but more controlled trials are needed to
obtain evidence of an effect for SARS [68].
Protease inhibitors act at the level of post-translational
processing. The main protease (Mpro) of corona-viruses
has a conserved substrate-recognition pocket and is therefore the perfect target for broad-spectrum antiviral drugs
[78,79]. Yang et al. designed main protease inhibitors
and measured the inhibitory capacity in an in vitro
protease-activity assay. One potent inhibitor (N3)
showed wide-spectrum inhibition of various Mpro
enzymes, including the ones encoded by HCoV-229E,
HCoV-NL63, HCoV-HKU1 and SARS-CoV [78].

Conclusions
Human coronaviruses are common cold viruses that can
elicit a more serious respiratory disease in children,
elderly and persons with underlying illness. This is true
for the ‘old’ viruses HCoV-229E and HCoV-OC43, but
uncertainties remain for HCoV-NL63 and HCoVHKU1. Although it is clear that these new coronaviruses can be found in a significant percentage of URTIs
and LRTIs, proof that these viruses cause common colds
in normal adults is lacking. Screening for these viruses in
subjects with common cold might provide the necessary
evidence that these viruses are not that different from the
‘old’ viruses. Thus far, only HCoV-NL63 has been
connected to a specific respiratory disease in children,
namely croup. The suggested association between
© 2007 International Medical Press
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HCoV-NL63 and Kawasaki disease remains doubtful.
The link between HCoV-HKU1 and febrile seizure is
interesting, but requires further investigation. To this
end, children with and those without febrile seizure
should be investigated. Only then can the necessary
evidence as to whether an infection is significantly
associated with a clinical symptom be supplied.
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