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Purpose: Human adenovirus infection mimics Kawasaki disease (KD)(Blifcan bedetectedin KD patients

The aim of this study was to determine the clinical differences between KD with adenovirus infection and
only adenoviral infection and to identify biomarkers for prediction of adenovirus-positive KD from isolated
adenoviral infection.

Methods: A total of 147 patients with isolated adenovirus were identified by quantitative polymerase
chain reaction. In addition, 11 patients having KD with adenovirus, who were treated with intravenous
immunoglobulin therapy during the acute phase of KD were also evaluated.

Results: Compared with the adenoviral infection group, the KD with adenovirus group was significantly
associated with frequent lip and tongue changes, skin rash and changes in the extremities. In the
laboratory parameters, higher C-reactive protein (CRP) level and presence of hypoalbuminemia and sterile
pyuria were significantly associated with the KD group. In the multivariate analysis,(if@hd tonguechanges
(odds ratio [OR], 1.416; 95% confidence interval [CI], 1.151—1.741; P=0.001), high CRP level (OR, 1.039;
95% CI1.743-1.454; P=0.021) and sterile pyuria (OR 1.052; 95% CI 0.861—1.286; P=0.041) were the
significant predictive factors of KD. In addition, the cutoff CRP level related to KD with adenoviral detection
was 56 mg/L, with a sensitivity of 81.8% and a specificity of 75.9%.

Conclusion: Lip and tongue changes, higher serum CRP level and sterile pyuria were significantly
correlated with adenovirus-positive KD.
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Introduction

Various studies have been carried out to find out the etiology of Kawasaki disease (KD). Viral
infection is thought to be one of the causes of KD, but it is still controversial ™. Although se-
veral potential viral causes of KD are identified, the diagnosis of KD with concomitant viral
infection is a little unclear to confirm KD.

Adenoviral infection is frequently involved in young children less than 3 years and is
characterized with prolonged high fever, upper and lower respiratory tract symptom, conjunc-
tivitis and gastrointestinal symptom with hepatic involvement. Inflammatory biomarker such
as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels are mostly elevated
in patients with adenoviral infection. Because of strong inflammatory response, adenoviral
infection closely resembles bacterial infection and KD*™. Although the majority patients of
adenoviral infection presented respiratory condition, extrapulmonary manifestation of con-
Jjunctivitis, skin rash, mucous membrane changes, cervical lymphadenopathy and encephalitis
can be associated. The various clinical manifestation of adenovirus infections are particularly
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similar to KD regarding the clinical aspects”™"”.

A recent study demonstrated the distinction of clinical and virolo-
gic characteristics of adenoviral infection differentiating from KD
with incidental adenoviral detection'”. Because of clinical similarit-
ies, early and acute diagnosis and intravenous immunoglobulin
(IVIG) therapy are essential to prevent coronary artery abnormalities
in KD. The aim of this study is to compare the clinical and laboratory
characteristics of KD patients with adenovirus detection and those
with only adenoviral infection and to identify biomarkers that can
differentiate KD from adenovirus infections at the initial hospitali-
zation stage. In addition, we also assessed the clinical and laboratory
distinction of KD with adenovirus from KD without adenovirus
infection.

Materials and methods

1. Study population

We conducted a retrospective study from August 2012 to June
2016. A total of 129 patients with KD were diagnosed during this
period. The diagnosis of KD was established in patients who fulfilled
the diagnostic criteria of KD. Typical KD was diagnosed in the pre-
sence of fever for at least 5 days combined with at least 4 of the 5
following clinical features; the lip and tongue change, bilateral bulbar
conjunctivitis, skin rash, erythema and edema of the hands and feet
and cervical lymphadenopathy with diameter of >1.5 cm. Incom-
plete KD was diagnosed if the patients had symptoms that were
associated with KD met the inflammatory biomarker criteria'®.

Among 129 KD patients, respiratory virus polymerase chain
reaction was performed in 107 patients. Respiratory virus panel
included influenza A and B, adenovirus, parainfluenza virus types
1 through 4, respiratory syncytial virus types A and B, bocavirus
types 1 through 4, coronavirus NL 63, OC 43, and 229E, enterovirus,
human metapneumovirus, and rhinovirus types A, B, and C.

In addition, we(feffospectively) analyzed 147 patients with iso-

lated adenoviral infection. (S HOSE COMMON SYAPIOTISWERS

We compared 147 patients with adenoviral infection and 11
patients with KD with adenovirus detection. In addition, we also
compared 11 patients with KD with adenovirus and 87 KD without
adenovirus detection. This study protocol was approved by the In-
stitutional Review Board of Hallym University Kangdong Sacred
Heart Hospital (KANGDONG 2018-01-004). Written informed con-
sent was obtained from all patients.
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2. Laboratory & clinical characteristics analysis

All patients with KD were examined for inflammatory markers
such as total white blood cell count, neutrophil count, neutrophil/
lymphocyte ratio, ESR, CRP, lactate dehydrogenase (LD), and B-type
natriuretic peptide (BNP).

In addition, other laboratory findings such as hemoglobin, serum
sodium, serum albumin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and urinalysis were also assessed. However,
BNP was not detected in most patients with isolated adenoviral in-
fection.

Regarding the criteria of typical KD'”, the acute clinical features
such as conjunctival injection, lip and tongue changes, skin rash,
cervical lymphadenopathy, and changes in extremities were also
evaluated.

3. KD treatment and echocardiographic analysis

All of the KD patients were initially treated with IVIG (2 g/kg)
for 12 hours and additionally treated with IVIG in case of IVIG re-
sistance. [VIG resistance was defined as a persistent or recrudescent
fever for >48 hours after initial IVIG completion. In the case of re-
current or persistent fever with twice IVIG therapy, we managed
with the fever with methylprednisolon pulse therapy or infliximab.
After the acute phase, all patients have been given low dose aspirin
for 8 weeks. Low dose aspirin was discontinued unless the coronary
artery abnormalities persisted.

In all patients with KD, transthoracic echocardiography was
performed to define the involvement of the coronary arteries during
the acute phase and also at an outpatient clinic at 2-3 weeks and 8
weeks. The coronary abnormalities analysis by echocardiography
was performed off-line retrospectively. Echocardiographic recording
at 3 different times was reviewed in each patient. Measurement
were conducted at the left main coronary artery, the left anterior
descending artery and the right coronary artery. To identify the co-
ronary abnormalities, we assessed the z value of coronary arteries
according to the body surface area. We defined the coronary abnor-
malities as a coronary z score of more than 2.5, the presence of wall
irregularity, no acute tapering of the coronary artery branch and

saccular or diffuse coronary aneurysm'”.

4. Statistical analysis

Continuous variables were expressed as the median (interquartile
range) and categorical variables as either a number or a percentage.
For continuous variables, the comparisons were performed using
Mann-Whitney U test. Categorical variables were compared using
Fisher’s exact test, or chi-square analysis, as appropriate. Multiva-
riate analysis was performed to detect the independent variables
associated with KD with adenoviral detection using all parameters
with a P value<0.05 via univariate analysis. The area under the re-
ceiver operating characteristics (ROC) curve was used to evaluate
the discrimination of KD with adenoviral detection from isolated
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adenoviral infection and then to derive sensitivity and specificity
values for CRP. The cutoff value of CRP parametric variable was
determined by ROC curve. A P-value <0.05 was considered statis-
tically significant.

Results

1. Clinical and laboratory findings of KD with adenovirus

Various kinds of virus were detected in 42 out of 107 (39.2%) pa-
tients in KD. Fig. 1 showed the virus distribution of KD in virus posi-
tive patients. Rhinovirus was the most commonly detected (40.5%).
Additionally, 12 adenoviruses were identified in KD. Two patients

18 17

Fig. 1. Respiratory virus distribution in Kawasaki disease. Rhinovirus was
most commonly detected. Adenovirus was detected in 11 patients. RSV B,
respiratory syncytial virus type B.

Table 1. Baseline characteristics of Kawasaki disease with adenoviral
detection (n=11)

Characteristic Value
Age (mo) 36.0 (5—-109)
Male sex 6 (54.5)
Body weight (kg) 15.5(9.8-35.2)
KD type, complete:incomplete 9:2

Fever duration before IVIG (day)
KD clinical feature

Total WBC count (x103/uL)
Neutrophil/lymphocyte ratio 2.1-7.8)
Erythrocyte sedimentation rate (mm/hr) 1-72)

6(5-8)

4(

(

6(

453
C-reactive protein (mg/L) 67.5 (24.8-236.1)

(

(

(

(

(

3.5-4.5)
10.5 (7.6-22.1)

Lactate dehydrogenase (IU/L) 284.1 (227.3-498.5)
B-type natriuretic peptide (pg/mL) 59.6 (38-805)
Liver function test abnormalities 3(27.3)
Urinalysis abnormalities 6 (54.5)
Coronary artery abnormalities 2(43.1)

Values are presented as median (range), number, or number (%).
KD, Kawasaki disease; IVIG, intravenous immunoglobulin; WBC, white blood
cell.
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had coinfection: RSV type B and rhinovirus in 1 patient and adeno-
virus and coronavirus in 1 patient. We excluded 1 adenovirus pati-
ent with co-infection of coronavirus.

Among 129 patients with KD, adenovirus without coinfection
was identified in 11 patients. Baseline clinical and laboratory cha-
racteristics of KD with adenoviral detection are shown in Table 1.
The median age of these patients was 36 months (range, 5-109
months). Nine patients (81.8%) were diagnosed as typical KD. Most
of the KD patients had 4 or more clinical symptoms satisfying the
KD criteria, and 2 incomplete KD patients had 3 clinical features of
KD accompanied by coronary artery abnormalities. In the laboratory
findings, CRP was more than 50 mg/L as a whole. BNP was found
to be higher than 100 pg/mL in only 3 patients. AST/ALT elevation
more than 45 IU/L was detected in 3 patients and sterile pyuria de-
fined as =10 WBC/ high-power field was shown in 6 patients. Four
patients had developed coronary artery abnormalities.

2. Comparison between KD with adenovirus and isolated adeno-

viral infection

We compared 11 patients with KD with adenovirus and 147 pati-
ents with isolated adenoviral infection. Table 2 showed the compari-
son of clinical and laboratory variables between the 2 groups. In
patients with KD with adenovirus detection, the median fever du-
ration was 6 days and was not different from isolated adenoviral
infection group (P=0.356). Regarding the clinical features of KD,{ip)

(more fiequently demonsirated in TheKD!with adenoviral detection
group than the adenoviral infection group (@1:8% Vs:15:60, P<

0.001 in lip and tongue chngies: Z2AANIS6796 P00 Sk

(fa8h; 63.6% vs. 10.2%, P=0.001 in changes in extremities). We also

compared the differences in laboratory parameters between the 2
groups. There were significant differences in CRP (67.5 [58.5-78.1]
mg/L vs. 31.9 [19.2-48.1] mg/L, P=0.002), hypoalbuminemia (9.1%
vs. 0.7%, P=0.009) and the presence of sterile pyuria (54.5% vs. 10.9
0, P=0.001) between the KD with adenovirus group and the isolated
adenoviral infection group. In addition, the neutrophil/lymphocyte
ratio had the borderline statistical significance (P=0.053). There
were, however, no significant differences in WBC count, ESR, LD,
hyponatremia, or AST/ALT between the 2 groups.

By multivariate logistic regression analysis, lip and tongue
changes (odds ratio [OR], 1.416; 95% confidence interval [CI], 1.151-
1.741; P=0.001), CRP (OR, 1.039; 95% CI, 1.743-1.454; P=0.021)
and sterile pyuria (OR, 1.052; 95% (I, 0.861-1.286; P=0.041) were
independent predictors of KD with adenoviral detection (Table 3).

The cutoff value of CRP that differentiated adenovirus-positive
KD from isolated adenoviral infection was 56 mg/L, which resulted
in a sensitivity of 81.8% and a specificity of 75.9% (Fig. 2).

3. Comparison between KD with adenovirus and KD without
adenovirus detection

https://doi.org/10.3345/kjp.2018.61.2.43 45
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Table 2. Comparison of clinical and laboratory variables between the Kawasaki disease with adenoviral infection group and the adenoviral infection

group
Variable (KDwith adenovirus (n=11) Isolated adenoviral infection (n=147) Pvalue
Age (mo) 36.0 (29.5-42.2) 32.1(20.2-39.3) 0.512
Male sex 6 (54.5) 83 (56.5) 0.690
Body weight (kg) 15.5 (14.1-17.2) 13.1 (11.6-15.9) 0.351
Total fever duration (day) ©(.0-65 Bl4.9-6.6) 0.356
Conjunctival injection 11 (100) 110 (74.8) 0.067
Lip @ tongue change 9 @118 23 (15.6) <0.001*
Skin rash 8 {727 54 (36.7) 0.007*
Cervical lymphadenitis 9(81.8) 78 (53.1) 0.084
Changes in extremities 7 (63%6) 15(10.2) 0.001*
Total white blood cell count (x10%/pL) @omBNs.4-19.5) @0.1-14.8) 0.773
Neutrophil count (x10%L) @2 4.417.3) 6%8)5.6-9.7) 0.071
Neutrophil/lymphocyte ratio @) (2.7-6.3) .(1 7-5.6) 0.053
Anemia for age 6 645 45 (30.6) 0.102
Erythrocyte sedimentation rate (mm/hr) (45)(33.2-56.4) 32.5(21.6-41.2) 0.077
C-reactive protein (mg/L) 675 (58.5-78.1) 31.9(19.2-48.1) 0.002*
Lactate dehydrogenase (IU/L) 284.1 (250.5-325.3) 317.5 (273.3-357.5) 0.083
B-type natriuretic peptide (pg/mL) 59.6 (45.5-105.2) NA NA
Hyponatremia 2(18.2) 5(10.2) 0.436
Hypoalbuminemia 109.1) 1(0.7) 0.009*
AST/ALT elevation 3(27.3) 5(10.2) 0.334
Sterile pyuria 6 (b4.5) 6(10.9) 0.001*
Values are presented as median (interquartile range) or number (%)
KD, Kawasaki disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NA, not available.
*P<0.05
Table 3. Multivariate logistic regression analysis for independent
predictors for Kawasaki disease with adenoviral detection CRP
Variable Odds ratio  95% Confidence interval ~ Pvalue 100 -
Fever duration 0.647 0.194-1.514 0.388 80 L _
Lip and tongue change 1.416 1.151-1.741 0.001* [ S_enéitivity 81.8 %
Skin rash 1101 0.789-1.367 0.197 g eof Speclcity 75.9 %
Changes in extremities 0.952 0.561-1.586 0.108 § [ AUC 0.799
C-reactive protein 1.039 0.743-1.454 0.021* @ 40 _ 95 9% C10.737-0.852
Hypoalbuminemia 1.231 1.109-1.367 0.094 20k £<0.001
Sterile pyuria 1.052 0.861-1.286 0.041* L
“P<0.05. L

0 20 40 60 80 100

100-Specificity

In a total of 129 patients with KD, the clinical and laboratory
characteristics of patients with KD who were adenovirus positive
(n=11) were compared with those who were adenovirus-negative
(n=87). We excluded the patients with other virus isolation (n=31)
in the adenovirus-negative group. The age, sex, and fever duration
did not differ between patient groups. Fourteen patients (16.1%) in
the adenovirus-negative KD group were diagnosed with incomplete
KD compared with 2 patients (22.2%) in the adenovirus-positive
KD group. There were no statistically significant differences in the
clinical manifestation of KD and laboratory parameters between

46 nttps:/doi.org/10.3345/kjp.2018.61.2.43

Fig. 2. Receiver-operating characteristic curves for C-reactive protein
(CRP). The cutoff CRP level for differentiating adenovirus-positive Kawa-
saki disease from isolated adenoviral infection was determined to be 56
mg/L with 81.8% sensitivity and 75.9 % specificity. AUC, area under the
receiver-operating characteristic curve; Cl, confidence interval.

the two groups. In addition, coronary artery complications were not
different between the 2 groups (36.4% [4 of 11] vs. 33.3% [29 of 87],
P=0.868).
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Discussion

1. Main findings

Our findings demonstrate that lip and tongue changes, higher
serum CRP level and sterile pyuria were significantly related to the
adenovirus-positive KD differentiating from isolated adenoviral
infection. The cutoff CRP level was 56 mg/L, with 81.8% sensitivity
and 75.9% specificity. The development of coronary artery abnor-
malities was not different between the adenovirus positive group
and adenovirus negative group in KD patients.

2. Clinical and laboratory consideration in adenovirus positive

KD

This study demonstrated the clinical and laboratory characteristics
of KD with incidental adenoviral detection that may help differen-
tiate isolated adenoviral infection. Although the clinical features
of adenovirus-positive KD are similar to an isolated adenoviral in-
fection, adenoviral-positive KD usually had frequent lip and tongue
change, skin rash and changes in extremities compared to adeno-
viral infection. However, cervical lymphadenopathy was not differ-
ently observed between the 2 groups. In the present study, CRP,
hypoalbuminemia and sterile pyuria could be differentiated between
the adenovirus-positive KD group and adenoviral infection group. In
addition, the cutoff CRP level of 56 mg/L aids in the discrimination
of diagnosis of KD from adenoviral infection. This distinct clinical
and laboratory pattern was characteristic of adenovirus positive
KD. However, high CRP level could also be observed in adenoviral
infection with secondary bacterial infection. Although the American
Heart Association guidelines suggest that a CRP =30 mg/L or ESR
>40 mm/hr may consider incomplete KD'”, a recent study demon-
strated that a CRP =30 mg/L has a lack specificity for KD. Addi-
tionally, a higher CRP =70 mg/L suggesting the discrimination of
KD from adenoviral infection was consistently observed in the KD

14)

group .

3. Clinical implications of adenoviral detection in KD

Previous studies investigated viral etiology in KD and the role
of viral infection associated with KD. Several potential viruses in-
cluding rhinovirus, coronavirus, parainfluenza virus, human me-
tapneumovirus and adenovirus were detected in KD patients'™. In
contrast, no association of coronavirus and bocavirus with KD was
demonstrated in the other study®.

Although the relationship between virus and KD was not precisely
identified, clinical presentation of adenovirus still mimics KD*'”. It
remains to be determined whether this virus causes KD with trig-
gering pathophysiology, leading to similar clinical features as adeno-
viral infection. This study has several important clinical implications.
The early differential diagnosis of KD from adenoviral infection was
important to prevent inadvertent coronary artery complications.
The suggested clinical features and inflammatory markers could be

Korean J Pediatr 2018;61(2):43-48

useful in differentiating KD from isolated adenoviral infection in the
early period of disease. In addition, other inflammatory markers such
as BNP and procalcitonin should be assessed, because no specific
inflammatory biomarker was established during the acute phase.

However, there were no significant differences in clinical and la-
boratory findings between the adenovirus-positive and adenovirus-
negative KD groups. The development of coronary artery abnorma-
lities was also not different. Therefore, the adenovirus detection
could not be excluded in KD, but might not affect the occurrence of
coronary artery abnormalities

A better understanding of the pathophysiological mechanisms
of virus associated KD and detection of specific biomarkers of KD
are crucial to diagnose and treat without untoward coronary com-
plications.

4. Study Limitations

Although we found clinical manifestations and laboratory pa-
rameters differentiating adenovirus-positive KD from isolated ade-
noviral infection, no specific adenoviral type was identified in 11
patients with adenovirus-positive KD. In addition, there was no rela-
tionship between adenoviral detection and coronary artery abnor-
mality in KD.

In the study, we did not routinely examine for BNP in the adeno-
viral infection, so we could not assess the difference between the 2
groups.

This was a retrospective study and we evaluated a relatively small
number of adenovirus-positive KD patients; further prospective
studies with larger numbers of patients are warranted to confirm our
results.

5. Conclusions

Despite the similarities between KD and adenoviral infection,
clinical and laboratory features can be used to differentiate KD with
incidental adenoviral detection from adenoviral infection. Serum
CRP can be used as a biomarker to predict KD from isolated adeno-
viral infection at the early stage of hospitalization.
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