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We conducted a blinded, case-control, retrospective study in pediatric patients hospitalized at The Children’s
Hospital, Denver, Colorado, to determine whether human coronavirus (HCoV)-NL63 infection is associated
with Kawasaki syndrome (KS). Over the course of a 7-month period, nasopharyngeal-wash samples from 2
(7.7%) of 26 consecutive children with KS and 4 (7.7%) of 52 matched control subjects tested positive for
HCoV-NL63 by reverse transcription—polymerase chain reaction. These data suggest that, although HCoV-
NL63 was circulating in children in our community during the time of the study, the prevalence of infection
with HCoV-NL63 was not greater in patients with KS than in control subjects.

It has been almost 40 years since the initial description
of a series of patients with Kawasaki syndrome (KS)
[1]. Although the etiology of KS remains unknown,
accumulated evidence suggests an infectious cause. Fo-
cal epidemics with a wavelike spread of illness have
been reported in many countries. Outbreaks of KS usu-
ally occur during the winter and spring. The clinical
features are characteristic of a severe, acute childhood
infection. The peak incidence is in the toddler age
group, with only rare cases in adults, which suggests
widespread immunity to a common infectious agent.
Similarly, the rarity of cases in infants <3 months old
suggests the possibility of protection by passively ac-
quired maternal antibodies [2, 3].

Since the initial description, >30 infectious agents
have been implicated as potential etiological agents of
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KS [2, 3]. To date, no pathogen has been confirmed as
the cause of KS. Recently, an association was reported
between KS and the New Haven (NH) strain of a newly
identified human coronavirus (HCoV), HCoV-NL63
[4]. HCoV-NL63 was initially discovered by researchers
in The Netherlands who used a novel method to look
for unidentified viral pathogens in children with lower-
respiratory-tract disease [5]. Other researchers found
the same virus by searching, using broad-reacting po-
lymerase chain reaction (PCR) primer sets specific
for the Coronaviridae family, for previously unknown
HCoVs in respiratory samples from children [6]. The
NH strain of HCoV-NL63 was discovered by screening
respiratory samples with primers that targeted con-
served regions of the CoV replicase la gene [7]. Using
primers that were specific for the spike and replicase
la genes of the NH strain of HCoV-NL63, Esper et al.
[4] detected viral sequences in respiratory specimens
from 8 (72.7%) of 11 patients with acute KS but in
only 1 (4.5%) of 22 concurrently collected specimens
from age-matched control subjects.

Other researchers have attempted to duplicate the
results of Esper et al. but have failed to confirm their
findings. Ebihara et al. [8] found no HCoV-NL63—pos-
itive respiratory samples from 19 children with KS, and,
in a separate report, Belay et al. [9] did not find HCoV-
NL63 RNA in 10 respiratory samples from children
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Table 1. Demographics of patients.

Patients with

Characteristic Kawasaki syndrome  Control subjects P?
Male sex, no. (%) 22/26 (85) 27/52 (52) .005
Age, mean + SD, months 46.2 + 38.5 40.1 + 33.4 .68
Day of illness when specimen

collected, mean = SD (range) 8.8 £ 5.4 (4-23) 52 + 45 .0005
Median date of illness 24 Mar 2005 26 Mar 2005 .66

@ Wilcoxon signed-rank test.

with KS. Shimizu et al. [10] identified 48 patients with acute
KS from geographically and ethnically diverse populations. Us-
ing 15 different primer sets, they detected HCoV-NL63 in only
1 (2%) of 48 patients with KS. Additionally, Chang et al. [11]
did not find HCoV-NL63 RNA by PCR testing of nasopha-
ryngeal aspirates, throat swabs, rectal swabs, and peripheral
blood mononuclear cells from 53 patients with KS in Taiwan.

However, since the initial report of the association of HCoV-
NL63 with KS, no case-control studies have been conducted.
Denver has a relatively high incidence of KS, and the majority
of patients with KS admitted to our institution have a naso-
pharyngeal wash collected as part of their diagnostic workup.
We therefore used an inclusive, consecutive set of respiratory
samples from patients with KS to conduct a blinded, retro-
spective, case-control study to assess the relationship between
HCoV-NL63 and KS in children in Denver.

PATIENTS, MATERIALS, AND METHODS

Patient with KS were identified from hospital discharge records
from 1 December 2004 to 30 June 2005. All patients included
were seen by a pediatric infectious disease specialist and had a
diagnosis of classic or incomplete KS, according to standard
clinical criteria [12]. As part of an ongoing epidemiological
investigation of respiratory viruses at The Children’s Hospital
in Denver, from November 2004 to November 2005, we ar-
chived at —70°C all respiratory specimens that tested negative
by direct immunofluorescence (DFA) for respiratory syncytial
virus, influenza viruses A and B, parainfluenza viruses 1-3, and
adenovirus. For each patient with KS who had a banked re-
spiratory specimen, we identified at least 2 matched control
subjects from our archived specimens. Control subjects were
matched by age (within 6 months if <5 years old and within
1 year if >5 years old) and by date of specimen collection
(within 1 week of the case patient). All respiratory specimens
used in the study were nasopharyngeal washes. All control and
KS samples came from the same pool of samples that were
negative for the 7 respiratory viruses tested by DFA. Use of
banked specimens and clinical data was approved by the Col-
orado Multiple Institutional Review Board. All samples (from
case patients and control subjects) were identified and coded

at The Children’s Hospital microbiology/virology laboratory
and then transferred to the University of Colorado Health Sci-
ence Center laboratory (Aurora, CO) for blinded analysis for
HCoV-NL63 RNA by reverse-transcription (RT)-PCR.

RNA was extracted using the QIAmp Viral RNA Mini Kit
(Qiagen) in accordance with the manufacturer’s instructions.
Specimens were screened for the presence of HCoV-NL63 by
RT-PCR using Moloney murine leukemia virus reverse tran-
scriptase (Invitrogen) with random primers, followed by PCR
and/or nested PCR. Amplicons were analyzed in ethidium bro-
mide—stained agarose gels. On the basis of results published
elsewhere, 8 different primer sets were used [4, 5, 13]. Multiple
primer sets were used purposely because of the potential var-
iations in specificity and sensitivity caused by variations in the
nucleotide sequences of different HCoV-NL63 strains. Primer
sets had binding sites located within the HCoV-NL63 (NH
strain) spike gene (primer set A, with nested primers B) [4],
HCoV-NL63 (NH strain) replicase la gene (primer set C) [4],
HCoV-NL63 nucleocapsid protein gene (primer set D) [13],
and HCoV-NL63 replicase 1b gene (primer set E with nested
primer set F) [5]. Additionally, 2 sets of degenerate coronavi-
rus primers (G and H) [4] were designed using the conserved
region of the replicase 1b gene. HotStarTaq (Qiagen) was used
in all PCRs, and PCR amplification programs were run as de-
scribed elsewhere for each primer set. Primer set H was de-
signed in our laboratory on the basis of a conserved region
shared by HCoV-NL63, severe acute respiratory syndrome—
CoV, HCoV-229E, and HCoV-OC43. Primer set H consisted
of forward primer 5-GCGCAAAATAATGAATTAATGCC-3
and reverse primer 5-CAATACAWACAAAYAGACGCWCC-
ACC-3 (W, A + T; Y, C + T). The PCR amplification program
was as follows: 15 min at 95°C to activate the HotStar poly-
merase; 10 cycles of 30 s at 94°C, 60 s at 45°C, and 45 s at
72°C; followed by 30 cycles of 30 s at 94°C, 60 s at 50°C, and
45 s at 72°C; and a final extension of 10 min at 72°C.

Positive control templates for HCoV-NL63 consisted of ei-
ther clinical specimens positive for RNA of the NH strain of
HCoV-NL63 (gift from Jeffrey S. Kahn, Yale University, New
Haven, CT) or RNA extracted in the Holmes laboratory from
infectious HCoV-NL63 virus (gift from Lia van der Hoek, Ac-
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ademic Medical Center, University of Amsterdam, The Neth-
erlands). To minimize the possibility of contamination, all RT
reactions and PCRs were prepared in an enclosed acrylic nu-
cleic-acid workstation equipped with a timer-controlled UV
light (Clone Zone; USA Scientific) in a room separate from the
main laboratory, and the master mix was irradiated with UV
light before the addition of cDNA templates. All samples were
extracted in duplicate, and all PCRs were performed on each
extracted sample in duplicate. All positive results were con-
firmed to be HCoV-NL63 by sequence analysis of amplicons.
After all samples had been analyzed and all positive results
confirmed, samples were decoded, and medical chart reviews
were performed.

Statistical computations were conducted using SAS software
(version 9.1.3; SAS). Significance was determined using the
Wilcoxon signed-rank test or the x* test.

RESULTS

From December 2004 to June 2005, we found 30 patients with
a diagnosis of KS. From these 30 patients, 29 frozen nasopha-
ryngeal-wash samples from 26 patients (87%) were available
for analysis. Frozen nasopharyngeal-wash samples from 52
matched control subjects were identified and analyzed. All con-
trol patients had nasopharyngeal-wash samples sent as part of
a diagnostic workup for a respiratory illness. Seventy-five per-
cent of these patients were hospitalized inpatients.

Table 1 shows the demographic characteristics of patients
with KS and control subjects. Mean ages and dates of illness
were not significantly different between groups. As is commonly
seen in KS, the majority of our patients with KS were male.
The majority of patients with KS (21 [81%]) had specimens
obtained within 10 days of the onset of fever.

The clinical characteristics of KS patients are shown in table
2. A total of 20 (77%) of 26 patients fulfilled clinical criteria
for KS, and 6 (23%) of 26 patients had incomplete KS. All
patients had fever for at least 5 days, and the mean * SD
duration of fever was 9.7 + 3.8 days. We found that 5 (19%)

of 26 patients had coronary artery involvement, either dilata-
tion, aneurysm, or ectasia. Four of 26 patients received treat-
ment with 2 doses of intravenous immunoglobulin (IVIG), and
2 of these patients received a third treatment modality—in-
fliximab infusion—before symptoms resolved. In addition to
typical symptoms of KS, 54% of the patients had upper-re-
spiratory-tract symptoms at presentation, and 9 patients (35%)
reported a recent or concurrent household member with a re-
spiratory-tract infection.

Seven (8.6%) of 81 total samples were positive for HCoV-
NL63 RNA by RT-PCR (table 3). Two of the positive samples
were positive for all primer sets tested (HCoV-NL63 NH strain
replicase and spike and HCoV-NL63 replicase and nucleocapsid
genes). Four of the positive samples were positive for HCoV-
NL63 replicase and nucleocapsid genes. The remaining sample
was positive only for the HCoV-NL63 NH strain spike gene.
Two of the positive samples were from the same patient. Thus,
of a total of 78 patients, 6 (7.7%) were positive for HCoV-
NL63 RNA.

The sensitivity of the PCRs varied for the different primer
pairs. When infectious HCoV-NL63 propagated in tissue cul-
ture with a TCID,, of 10° cells/mL was used, viral RNA was
detectable by different primer sets at a lower limit of detection
in a range of 0.01-1 TCID,,,

Samples from 2 (7.7%) of 26 patients with KS (1 had 2
positive specimens) were positive by RT-PCR for HCoV-NL63,
and 4 (7.7%) of 52 control subjects were positive. The clinical
summaries of the HCoV-NL63—positive patients are shown in
table 3. The first patient with KS was an 18-month-old boy
who presented with 6 days of fever, diffuse rash, bilateral con-
junctivitis, red and cracked lips, strawberry tongue, and swelling
and erythema of his hands and feet. His nasopharyngeal-wash
sample, collected on day 6 of his illness, was positive for HCoV-
NL63. Laboratory studies were notable for aseptic meningitis,
sterile pyuria, thrombocytosis, increased alanine aminotrans-
ferase levels, and hypoalbuminemia. In addition to classic
symptoms of KS, he also had a very pronounced croupy cough,

Table 2. Clinical characteristics of patients with Kawasaki syndrome

(n = 26).

Characteristic Value
Complete Kawasaki syndrome 20 (77)
Incomplete Kawasaki syndrome 6 (23)
Duration of fever, mean = SD, days 9.7 + 3.8
Coronary artery involvement: dilatation, ectasia, or aneurysm 5 (19)
Upperrespiratory-tract symptoms 14 (54)
Days hospitalized, mean + SD, no. 37 +24
Erythrocyte sedimentation rate, mean + SD, mm/h 64.2 + 31.7
C-reactive protein level, mean = SD, mg/dL 15.3 = 10.1

NOTE. Data are no. (%), unless otherwise indicated.
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Table 3. Characteristics of human coronavirus (HCoV)-NL63—positive patients.

Patient type (age, months) Clinical presentation Sample date
Control subject (4) Infant 34 weeks premature with an 11-day history of cough, congestion, rhinorrhea, 13 Jan 2005
hypoxia, tachypnea, and wheezing; hospitalized 2 days; discharge diagnosis, bronchiolitis
Control subject (31) After tonsillectomy, fever of unclear etiology for 3 days 27 Jan 2005
Control subject (35) 2 years after unrelated cord-blood transplant for metabolic disorder, engrafted but with 1 Apr 2005
chronic graft-versus-host disease; receiving immunosuppressive therapy; 3 days
of fever, rhinorrhea, cough, and diarrhea
Control subject (14) 11 days of cough, 2 days of fever, hypoxia, tachypnea, increased work of breathing, left 6 May 2005

lingular pneumonia on chest x-ray; hospitalized 4 days; discharge diagnosis, pneumonia

Patient with KS (37)

Diagnosis of KS on 27 Jan 2005, NPW negative for HCoV-NL6E3; presented again with 3

24 and 25 Feb 2005

days of fever, rash, bilateral conjunctivitis, sore throat, and abdominal pain

Patient with KS (18) Classic KS, croupy cough

8 Mar 2005

NOTE. KS, Kawasaki syndrome; NPW, nasopharyngeal wash.

tachypnea, and several bouts of emesis. He clinically responded
to 1 infusion of IVIG but was found to have bilateral saccular
coronary aneurysms on a 2-week follow-up echocardiogram.

The second patient with KS was a 3-year-old boy who pre-
sented with 14 days of rash, 6 days of fever, bilateral conjunc-
tivitis, red lips, strawberry tongue, and swollen hands. He re-
ceived 1 dose of IVIG, was hospitalized for 4 days, and was
discharged after he became afebrile and his inflammatory mark-
ers had decreased. A nasopharyngeal-wash sample obtained at
day 6 of fever (day 14 of rash) during this hospitalization was
negative for HCoV-NL63. He presented again to the emergency
room for evaluation for possible recurrent KS, 26 days after
discharge, with a 3-day history of fever, rash, red eyes, sore
throat, and abdominal pain. Repeat inflammatory markers
measured at that time were all normal. The patient was eval-
uated by the infectious disease consultation service, which
found no evidence for recurrent KS, and he was discharged
from the emergency department with a diagnosis of viral syn-
drome. Two nasopharyngeal-wash samples obtained on days 2
and 3 of this second illness (25 and 26 days after discharge for
the KS admission) were both positive for HCoV-NL63.

DISCUSSION

The identification of an infectious etiology of KS has proved
to be very difficult. Our data, to our knowledge the only case-
control study to date to use an inclusive series of consecutively
identified patients with KS, failed to demonstrate an association
between HCoV-NL63 and KS. Eighty-seven percent of patients
with KS seen during the study period had nasopharyngeal-wash
specimens available for analysis. Nasopharyngeal-wash speci-
mens are routinely collected from patients with KS, regardless
of the presence or absence of upper-respiratory-tract symp-
toms, to search for viral respiratory pathogens that may be
producing rash and fever or coinfecting patients with clinical
KS. The prevalence (7.7%) of HCoV-NL63 was identical in
patients with KS and control subjects.

Our results failed to confirm those of Esper et al. [4]. That
article reported that 53 children with KS were identified during
the study period. However, respiratory specimens were available
from only 11 children (7/11 had symptoms consistent with an
upper-respiratory-tract infection). This suggests the possibility
of selection bias in determining which KS samples were tested
for CoV RNA.

The exact prevalence and disease associations of HCoV-NL63
in children are now being studied at a number of institutions.
Several recent studies that have examined respiratory specimens
from children with respiratory illnesses of unknown etiology
found prevalences of 2.1%-9.3% [5-7, 13-17]. Our data, which
show a similar prevalence of 7.7%, further support the con-
clusions that HCoV-NL63 was circulating in our community,
was detectable by our methods, and was not more prevalent
in patients with KS than in control subjects with upper-respi-
ratory-tract infections that were not caused by 7 common re-
spiratory viruses.

One potential weakness of our data is that samples from
patients with KS were collected later during their illness than
were samples from control subjects. All studies of KS are limited
by the time of patient presentation. It is possible that this could
have falsely decreased the recovery of an etiological infectious
agent. However, 80% of our samples were collected on or before
day 10 of illness, and restricting our analysis to these samples
did not significantly change our results. In a recent report that
examined infants with lower-respiratory-tract infections, Kaiser
et al. [18] were able to recover HCoV-NL63 RNA from 3 (50%)
of 6 patients in follow-up samples obtained 3 weeks after their
acute illness, which suggests that prolonged viral shedding can
occur in the respiratory tract.

One-third of our patients with KS reported exposure to a
family member with a respiratory-tract illness, and more than
one-half had concurrent respiratory symptoms. Other research-
ers have made similar observations, and a recent report by
Benseler et al. [19] found that one-third of patients presenting
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with KS had a concurrent confirmed viral or bacterial infection.
In addition, Rowley et al. [20] discovered that an antigen de-
tected by immunohistochemical analysis using synthetic KS an-
tibodies in ciliated bronchial epithelium from patients with
acute KS is found in cytoplasmic inclusion bodies that are
consistent with aggregates of viral proteins. This suggests that
infection with an as-yet-unidentified infectious agent may be
important in the pathogenesis of KS.

There are several possibilities regarding the etiology of KS.
The disease may be caused by a single pathogen or by interactions
between multiple pathogens. An initial infectious agent(s) may
predispose to a secondary infection that leads to KS. Alternatively,
numerous pathogens may cause a cascade of signs that result in
a common clinical presentation diagnosed as KS.

In conclusion, the results of the present case-control study
do not support an etiological association between HCoV-NL63
and KS. Further studies are needed to determine the real eti-
ological agent(s) of KS.
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