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Abstract

Objective: This study aimed to investigate the predictive value of clinicalQ2 X Xindicators in commu-

nity-acquired pneumonia (CAP) complicated with Kawasaki disease (KD).

Methods: A retrospective analysis was conducted on the clinical data of inpatients with KD (39

cases), CAP (40 cases), and CAP complicated with KD (CAPKD, 32 cases) at the Children’s Hospital

of Chongqing Medical University from February 2021 to October 2022. The clinical indicators

examined included serum cytokines (IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-a, IFN-g), White Blood

Cell (WBC), Neutrophilic granulocyte percentage(NEU%), blood platelet(PLT), Red Blood Cell

(RBC), Hemoglobin(Hb), erythrocyte sedimentation rate(ESR), C-reactive protein(CRP), procal-

citonin(PCT), alanine aminotransferase(ALT), alkaline phosphatase(ALP), Gamma-glutamyl

transferase (g-GT), Aspartate aminotransferase (AST), albumin(Alb), Lactate dehydrogenase

(LDH), globulin(Glb), and Total Protein(TP) in patients with KD, CAP, and CAPKD were compared.

Results: The present findings showed that IL-6> 55.4pg/mL, IL-10> 9.15pg/mL, PCT > 0.19ng/

mL, and ALT > 22.5 U/L were important predictors of CAPKD. Additionally, Hb > 103.5 g /L, and

TP > 63.85 g/L have predictive values for CAP without KD. The authors also observed a positive

correlation between PCTand IL-6, IL-10. However, Hb and TP were negatively correlated with IL-

6 and IL-10.

Conclusion: From the perspective of cytokine levels, IL-6> 55.4 pg/mL and IL-10> 9.15 pg/mL

have important predictive values for CAPKD.

© 2025 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1Introduction

2Kawasaki disease (KD) is an acute self-limiting vasculitic dis-

3ease that can lead to coronary artery lesions (CALs),
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4 including coronary artery dilatation (CAD) and coronary

5 artery aneurysm (CAA). It is the most common cause of

6 acquired heart disease in developed countries [1,2]. KD was

7 first described by Dr. Tomisaku Kawasaki in 1967, and mostly

8 affects children under the age of 5 years [3]. While the path-

9 ogenesis of KD is still not fully understood, previous studies

10 have found that approximately 35 % of patients may be asso-

11 ciated with seasonal infections [4]. It is believed to be an

12 interplay of genetic susceptibility and infectious triggers

13 [5]. KD is primarily diagnosed based on a combination of clin-

14 ical signs and symptoms [6]. However, Partial KD can present

15 atypically, with incomplete KD accounting for 16.1 % of all

16 KD cases [7]. Therefore, it is crucial to identify laboratory

17 indicators that can predict KD. In past research, KD was

18 found in a small number of children with community-

19 acquired pneumonia (CAP) [8]. CAP is also a prevalent infec-

20 tious disease and a leading cause of death among children

21 under the age of 5. In practice, the diagnosis of KD, espe-

22 cially incomplete KD, is often missed in patients with CAP. To

23 prevent misdiagnosis and delayed treatment, the present

24 study aims to analyze the differences in clinical characteris-

25 tics and laboratory data among KD, CAP, and CAPKD

26 patients, and further identify potential predictive indicators

27 for CAPKD.

28 Materials and methods

29 Patients with KD (including complete KD and incomplete

30 KD), CAP, and CAPKD were retrospectively recruited at the

31 Children’s Hospital of Chongqing Medical University from

32 February 2021 to October 2022. This study was approved by

33 the Ethics Committee of Children’s Hospital of Chongqing

34 Medical University, with the approval number (291) in 2024.

35 All data were collected from medical records, which

36 included demographic information, cardiac ultrasound,

37 chest imaging, and laboratory data, including IL-2, IL-4, IL-

38 6, IL-10, IL-17A, TNF-a, IFN-g, White Blood Cell (WBC), Neu-

39 trophilic granulocyte percentage (NEU %), blood platelet

40 (PLT), Red Blood Cell (RBC), hemoglobin (Hb), erythrocyte

41 sedimentation rate (ESR), C-reactive protein (CRP), procal-

42 citonin (PCT), alanine aminotransferase (ALT), alkaline

43 phosphatase (ALP), Gamma-glutamyl transferase (g-GT),

44 Aspartate aminotransferase (AST), albumin (Alb), Lactate

45 dehydrogenase (LDH), globulin (Glb), and Total Protein (TP).

46 Definition of serum cytokine levels

47 Venous blood samples were collected to detect Th1/Th2

48 cytokine levels, including IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-

49 a, and IFN-g, using cytometric bead assay (CBA). The normal

50 range of these cytokines were (0»9.80), (0»3.00),

51 (0»16.60), (0»4.90), (0»14.80), (0»5.20), and

52 (0»17.30) pg/mL, respectively.

53 Inclusion criteria
54

55 1) The diagnosis of KD was made according to guidelines for

56 the diagnosis and treatment of KD in children. Complete

57 KD is diagnosed in the presence of fever for at least

58 5 days, along with at least 4 of the following 5 main

59features: a. Erythema and cracking of lips, strawberry-

60tongue. b. Bilateral bulbar conjunctival Bloodshot with-

61out exudate. c. Rash. d. Redness and swelling of the

62hands and feet in the acute phase and/or periungual des-

63quamation in the subacute phase. e. Cervical lymphade-

64nopathy, usually unilateral. Incomplete KD is diagnosed

65when an infant presents with prolonged unexplained

66fever, fewer than four of the above main symptoms, and

67relevant laboratory or echocardiographic findings.

682) The diagnosis of CAP was made according to diagnostic

69criteria for community-acquired pneumonia in children

70[9]. CAP is defined as a clinical diagnosis of pneumonia

71caused by a community-acquired infection. All patients

72with CAP had evidence of pneumonia on chest imaging

73and were tested positively for a respiratory etiology.

74Exclusion criteria

751) patients with immune deficiency, 2) Patients with hema-

76tologic tumors, and 3) patients with infection of other sys-

77tems and organs.

78Detection of respiratory pathogenic microorganisms
79for CAP

80Respiratory pathogenic microorganisms were detected using

81nasopharyngeal swabs or sputum secretions as specimens.

82Detection of Respiratory Bacteria: Bacterial cultures and

83real-time PCR were used to detect the nucleic acid of respi-

84ratory pathogens. Detection of Respiratory virus: PCR capil-

85lary electrophoresis and immunofluorescence assays were

86conducted to detect the respiratory virus.

87Definition of positive respiratory pathogen

88The positive results of the specimen culture or bacterial

89real-time PCR indicated the corresponding bacterial infec-

90tion and the positive results of the specimens' viral antigen

91test or DNA PCR indicated the corresponding viral infection.

92Group definition
93

941) KD group: All children in this group met the diagnostic cri-

95teria for KD, and there was no clinical evidence of pneu-

96monia.

972) CAP group: All children in this group met the diagnostic

98criteria for CAP in children. Chest X-ray or chest CT con-

99sistent with the presentation of pneumonia, and positive

100for respiratory pathogens. All children in this group were

101examined with cardiac ultrasound, and all children didn’t

102meet the diagnostic criteria for KD.

1033) CAPKD group: All children in this group met the diagnostic

104criteria for either complete or incomplete Kawasaki dis-

105ease, as well as for community-acquired pneumonia.

106They showed evidence of pneumonia on chest X-rays or

107chest CT scans, along with the presence of positive respi-

108ratory pathogens.

109Statistical analysis

110SPSS 26 software and GraphPad 9.5 software were employed

111for statistical analyses. Measurement data were expressed
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112 as the median (P25, P75), whereas count data were

113 expressed as the number of cases (percentage). Group com-

114 parisons of measurement data following a normal distribu-

115 tion were performed using the independent sample t-test,

116 while measurement data with a non-normal distribution

117 were compared using the Wilcoxon rank-sum test. The Krus-

118 kal-Wallis test was used for comparison between multiple

119 groups. The Bonferroni correction was applied for multiple

120 comparisons. The receiver operating characteristic (ROC)

121 curve was used to evaluate the predictive value of clinical

122 indicators for CAP complicated with KD. The Spearman cor-

123 relation was used to evaluate the correlation analysis. Two-

124 sided p values of < 0.05 were considered to indicate statisti-

125 cal significance.

126 Results

127 A total of 111 patients were included in this study, with 39

128 cases in the KD group, 40 cases in the CAP group, and 32

129 cases in the CAPKD group (the screening process can be

130 found in supplementary material, Flow chart 1). The male-

131 to-female ratio in the KD group was 1.44:1, 1:1.22 in the

132 CAP group, and 2.56:1 in the CAPKD group, listed in Supple-

133 mentary Material Table 1. This suggests that the KD and

134 CAPKD groups had a higher proportion of males than the CAP

135 group. In terms of age, the median ages (P25, P75) were

136 2.58 years (1.67, 4.79) in the KD group and 2.17 years (1.5,

137 3.17) in the CAPKD group, which were both lower than the

138 median age of 3.5 years (2.11, 6.92) in the CAP group

139 ( D11X Xp D12X X= 0.016). The fever time in admission was significantly lon-

140 ger in the CAP group [8 (6.75,10.25) days] than in the KD

141 group [5 (4,6) days, p <0.001] and in the CAPKD group [6

142 (4,7) days, D13X Xp D14X X< 0.01]. However, the present study further

143 found that the fever time before the ultrasonic cardiogram

144 was significantly longer in the CAPKD group [7 (5,8) days]

145 than in the KD group [5 (4,6) days], which implies that the

146 delayed detection of coronary artery lesions in the CAPKD

147 group. There were significant differences in clinical indica-

148 tors between the KD, CAP, and CAPKD groups. Further details

149 can be found in Figures 1�3 (and Supplementary Material

150 Table 1). The present study showed that various respiratory

151 pathogens can cause CAPKD, mainly including 10 cases of

152 Haemophilus influenzae, 9 cases of Respiratory syncytial

153 virus, and 8 cases of Streptococcus pneumoniae (detailed in

154 Supplementary Material Table 2).

155 Compared with the CAPKD group, the levels of WBC and

156 ALP were significantly higher in the KD group (p<0.05).

157 While the level of LDH was lower in the KD group than in the

158 CAPKD group (p<0.05). No statistical difference was

159 observed in the levels of IL�2, IL�4, IL�6, IL�10, IL�17A,

160 TNF�a, IFN�g, NEU %, PLT, RBC, Hb, ESR, CRP, PCT, ALT, AST,

161 g-GT, Alb, Glb, and TP between the KD group and the CAPKD

162 group. This result indicates that the patients of CAPKD group

163 in the present study are good representatives of KD.

164 Compared with the CAP group, the levels of IL-6, IL-10,

165 WBC, CRP, PCT, ALT, ALP, and g-GT were significantly higher

166 in the KD group (p<0.05). While the levels of AST, LDH, Glb,

167 and TP were lower in the KD group than in the CAP group

168 (p<0.05). No statistical difference was observed in the lev-

169 els of IL�2, IL�4, IL�17A, TNF�a, IFN�g, NEU %, PLT, RBC,

170Hb, ESR, g-GT, and Alb between the KD group and the CAP

171group.

172Compared with the CAP group, the levels of IL-6, IL-10,

173PCT, and ALT were significantly higher in the CAPKD group

174(p<0.05). While the levels of Hb and TP were lower in the

175CAPKD group than in the CAP group (p<0.05). No statistical

176difference was observed in the levels of IL�2, IL�4, IL�17A,

177TNF�a, IFN�g, WBC, NEU %, PLT, RBC, ESR, CRP, ALP, AST,

178g-GT, LDH, Alb, and Glb between the CAPKD group and the

179CAP group.

180Additionally, according to the ROC curve analysis, the

181authors further investigated the predictive value of these

182indicators in CAPKD or CAP without KD (Figure 4A and 4B).

183The elevated levels of IL-6, IL-10, PCT, and ALT can be used

184as predictors of CAPKD, with an area under the ROC curve of

1850.722 (95 % CI: 0.600, 0.843, D15X Xp D16X X< 0.01; cut-off value 55.4),

1860.714 (95 % CI: 0.593, 0.835, D17X Xp D18X X< 0.01, cut-off value 9.15),

1870.682 (95 % CI: 0.551, 0.813, D19X Xp D20X X< 0.01, cut-off value 0.19),

188and 0.7 (95 % CI: 0.573, 0.828, D21X Xp D22X X< 0.01, cut-off value 22.5),

189respectively (Supplementary Material Table 3). Conversely,

190the elevated levels of Hb and TP can be used as predictors of

191CAP without KD, with an area under the ROC curve of 0.696

192(95 % CI: 0.574, 0.818, D23X Xp D24X X< 0.01; cut-off value 103.5), and

1930.699 (95 % CI: 0.576, 0.823, D25X Xp D26X X< 0.01, cut-off value 63.85),

194respectively (Supplementary Material Table 4).

195The present study showed that the level of serum IL-6 was

196positively correlated with CRP, PCT, and g-GT ( D27X Xr D28X X= 0.506,
1970.416, and 0.204, respectively, with p<0.05). Inversely, the

198level of serum IL-6 was negatively correlated with Hb, Alb,

199Glb, and TP (r =�0.281, �0.308, �0.238, and �0.390,

200respectively, with p<0.05). Additionally, the authors also

201found that the level of IL-10 was positively correlated with

202PCT ( D29X Xr D30X X= 0.377). Similarly, the level of serum IL-10 was nega-

203tively correlated with Hb, Glb, and TP (r =�0.213, �0.340,

204and �0.389, respectively, with p<0.05). The correlation

205analysis between IL-6, IL-10, and other clinical indicators

206(Detailed in Supplementary Material Table 5).

207Discussion

208The incidence of Kawasaki disease (KD) varies across differ-

209ent regions, with a higher prevalence among Asian children

210and a male-to-female ratio of approximately 1.5:1 [6]. The

211present findings also showed a high proportion of males in

212both the KD and CAPKD groups. The exact cause of KD is still

213unknown, but it is currently believed to be an acute systemic

214immune vasculitis triggered by infection in genetically pre-

215disposed individuals [10]. CAP is a common infectious dis-

216ease in children. Due to the global prevalence of SARS-CoV-

2172, previous studies have found that Kawasaki disease or

218Kawasaki-like multisystem inflammatory syndrome was

219related to infection with SARS-CoV-2. These patients often

220experience persistent fever, elevated inflammation, and

221develop coronary artery lesions [11�13]. Fernanda Falcini

222reported a case of a 30-month-old child with refractory

223pneumonia who was complicated with atypical Kawasaki dis-

224ease with a coronary aneurysm [14]. Yoshiki Kawamura also

225reported a case of neonatal pneumonia complicated with

226atypical Kawasaki disease and coronary aneurysm [15]. In

227clinical practice, CAPKD, especially with atypical CAPKD, is

228often overlooked and can result in delayed diagnosis and
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229 treatment, potentially leading to the development of CAL.

230 Specifically, 9 cases (28.12 %) of children with atypical KD

231 and 15 cases (46.87 %) of children with coronary aneurysm

232 were identified in the CAPKD group. Additionally, the main

233 respiratory pathogens in the CAPKD group were Haemophilus

234 influenzae, respiratory syncytial virus, Streptococcus pneu-

235 moniae, adenovirus, and Mycoplasma pneumoniae. How-

236 ever, there is a lack of studies that have identified clinical

237 indicators with predictive value for CAPKD.

238 Cytokines play a crucial role in regulating immune inflam-

239 matory responses and in the occurrence and development of

240 diseases [16,17]. Intravenous immunoglobulin (IVIG) is one

241 of the primary therapies used in the acute phase of KD, and

242 it has been shown to modulate the synthesis and release of

243 proinflammatory cytokines [18]. This suggests that cytokines

244 have a significant impact on the development of KD disease.

245 IL-6, as the main pro-inflammatory cytokine, can be pro-

246 duced immediately and contributes to host defense against

247 infection by stimulating specific cellular and humoral

248 immune responses [19]. IL-10, as an anti-inflammatory cyto-

249 kine, can suppress severe inflammatory responses by inhibit-

250 ing macrophages and neutrophils, and inhibiting T-cell

251 responses [20]. The present study found that the levels of IL-

252 6 and IL-10 in the KD group and CAPKD group were signifi-

253 cantly higher than in the CAP group. This suggests that the

254 inflammatory response in KD and CAPKD is stronger com-

255 pared to CAP, and the anti-inflammatory response also

256 increased due to the host’s inflammatory response feedback.

257Through ROC curve analysis, the present study first found

258that IL-D31X X6 D32X X> 55.4 pg/mL and IL-D33X X10 D34X X> 9.15 pg/mL have predic-

259tive value in CAPKD.

260The level of Hb in the CAPKD group was lower than in the

261CAP group. Hemoglobin is a protein in red blood cells that

262carries oxygen to the tissues of the human body. The produc-

263tion of hemoglobin is affected by various factors. In cases

264where the body is experiencing an inflammatory response

265due to disease, the release of pro-inflammatory factors such

266as IL-6 can decrease serum iron levels and inhibit the pro-

267duction of red blood cells, resulting in inflammatory anemia

268[21]. The present study also found a negative correlation

269between serum IL-6 and IL-10 levels and Hb. Additionally,

270this study showed that Hb > 103.5 g /L has a significant pre-

271dictive value for CAP without KD.

272Both CRP and PCT are commonly used as indicators of

273inflammation in clinical practice, as they have predictive

274value in the development of sepsis. CRP is an acute respon-

275sive phase protein produced by the liver, while PCT is typi-

276cally used to identify sepsis and non-sepsis [22]. In the

277present study, there was no significant difference in the

278level of CRP between the CAP group and the CAPKD group,

279indicating that CRP may not have a clear predictive value

280for CAPKD. Further studies are needed to confirm this. How-

281ever, the level of PCT in the CAPKD group was higher than in

282the CAP group, and there was a positive correlation between

283IL-6 levels and the elevation of CRP and PCT. This is consis-

284tent with previous research showing that IL-6 stimulates the

Figure 1 The levels of serum IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-a, IFN-g and WBC, NEU( %), PLT were compared among the KD

group, CAP group, and CAPKD group. IL-2, Interleukin-2; IL-4, Interleukin-4; IL-6, Interleukin-6; IL-10, Interleukin-10; IL-17A, Inter-

leukin-17A; TNF-a, Tumour Necrosis Factor-alpha; IFN-g, Interferon-gamma; WBC, White Blood Cell; NEU( %), Neutrophilic granulo-

cyte percentage; PLT, platelet; KD, Kawasaki disease; CAP, community-acquired pneumonia; CAPKD, community-acquired pneumonia

complicated with Kawasaki disease. * indicate p < 0.05; ** indicate p < 0.01; *** indicate p <0.001.
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285 host to produce CRP and PCT [23]. Furthermore, the authors

286 found that PCT > 0.19ng/mL has an important predictive

287 value for CAPKD.

288 Hepatic function damage is a common complication dur-

289 ing the acute phase of KD. This damage is characterized by

290 elevated levels of serum liver enzymes, hypoalbuminemia,

291and hyperbilirubinemia [24]. The level of Serum ALT in the

292KD group and CAPKD group was higher than in the CAP group,

293indicating this finding is consistent with previous research

294that KD was more likely to cause liver function damage.

295Additionally, the present study also found that ALT >

29622.5 U/L can be a significant predictor of CAPKD. The level

Figure 2 The levels of serum Levels of RBC, Hb, ESR, CRP, PCT, ALT, AST, ALP, g-GT, and LDH were compared among the KD group,

CAP group and CAPKD group. RBC, Red Blood Cell; Hb, hemoglobin; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein;

PCT, procalcitonin; ALT, alanine aminotransferase; ALP, alkaline phosphatase; g-GT, Gamma-glutamyltransferase; AST, Aspartate ami-

notransferase; Alb, albumin; LDH, Lactate dehydrogenase; Glb, globulin; TP, Total Protein; KD, Kawasaki disease; CAP, community-

acquired pneumonia; CAPKD, community-acquired pneumonia complicated with Kawasaki disease. * indicate p < 0.05; ** indicate

p < 0.01; *** indicate p < 0.001.

Figure 3 The levels of serum Levels of Alb, Glb, and TP were compared among the KD group, CAP group, and CAPKD group. Alb,

albumin; Glb, globulin; TP, Total Protein; KD, Kawasaki disease; CAP, community-acquired pneumonia; CAPKD; community-acquired

pneumonia complicated with Kawasaki disease. * indicate p <0.05; ** indicate p <0.01; *** indicate p < 0.001.
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297 of serum TP in the CAP group was higher than in the KD group

298 and the CAPKD group. This could be attributed to the higher

299 inflammatory response in the KD and CAPKD groups, leading

300 to liver function damage and decreased albumin levels. In

301 addition, the inflammatory response also consumes a signifi-

302 cant amount of immunoglobulin, resulting in a decrease in

303 globulin levels. According to the ROC curve analysis, TP >

304 63.85 g/L has a predictive value for CAP without KD. Addi-

305 tionally, the authors found that the level of LDH in the KD

306 group was lower than in the CAP group and the CAPKD group.

307 This suggests that patients with pulmonary infection have

308 higher LDH levels compared to those without pulmonary

309 infection, which is consistent with previous studies [25]. It

310 indicated that LDH level can be used as a predictor of the KD

311 patients complicated with pneumonia, but it needs further

312 investigations.

313 However, the present study still has some limitations that

314 should be noted. Firstly, it is a retrospective study, which

315 may have resulted in incomplete information or selection

316 and information bias. Additionally, the sample size for each

317 group of patients was small due to the strict screening crite-

318 ria. Furthermore, this study was conducted at a single cen-

319 ter, and more multi-center studies are needed to confirm

320 the present findings.

321 Conclusion

322 The present study first analyzed the clinical predictive indi-

323 cators of CAPKD. The authors found that IL- D35X X6 D36X X> 55.4pg/mL,

324 IL- D37X X10 D38X X> 9.15pg/mL, PCT > 0.19ng/mL, and ALT > 22.5 U/L

325 have significant predictive values for CAPKD. Hb > 103.5 g

326 /L and TP > 63.85 g/L have important predictive values for

327 CAP without KD. In addition, the correlation analysis showed

328 that PCTwas positively correlated with IL-6 and IL-10, while

329 Hb and TP were negatively correlated with IL-6 and IL-10.

330 Therefore, from the perspective of cytokines analysis, IL-

331 D39X X6 D40X X> 55.4 pg/mL and IL- D41X X10 D42X X> 9.15 pg/mL can be used as

332 important predictors of CAPKD.
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Figure 4 (A) The predictive value of IL-6,IL-10,PCT,ALT in CAP complicated with KD. (B) The predictive value of Hb,TP in CAP not

complicated with KD. ROC, receiver operating characteristic; IL-6, Interleukin-6; IL-10, Interleukin-10; PCT, procalcitonin; ALT, ala-

nine aminotransferase; Hb, hemoglobin; TP, Total Protein; KD, Kawasaki disease; CAP, community-acquired pneumonia.

ARTICLE IN PRESS
JID: JPED [mSP6P;August 7, 2025;12:52]

6

G. Duan, Y. Ou, X. Gan et al.



356 Supplementary materials

357 Supplementary material associated with this article can be

358 found in the online version at doi:10.1016/j.jped.2025.

359 101424.

360 Editor

361 D. Sol�e

362 References

363 1. Jindal AK, Pilania RK, Prithvi A, Guleria S, Singh S. Kawasaki dis-

364 ease: characteristics, diagnosis, and unusual presentations.

365 Expert Rev Clin Immunol. 2019;15:1089�104.

366 2. Rife E, Gedalia A. Kawasaki Disease: an update. Curr Rheumatol

367 Rep. 2020;22:75.

368 3. Agarwal S, Agrawal DK. Kawasaki disease: etiopathogenesis and

369 novel treatment strategies. Expert Rev Clin Immunol.

370 2017;13:247�58.

371 4. Valtuille Z, Lefevre-Utile A, Ouldali N, Beyler C, Boizeau P,

372 Dumaine C, et al. Calculating the fraction of Kawasaki disease

373 potentially attributable to seasonal pathogens: a time series

374 analysis. EClinicalMedicine. 2023;61:102078.

375 5. Gupta A. Kawasaki disease and infections: a myth or a reality?

376 Indian J Pediatr. 2022;89:747�8.

377 6. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF,

378 Gewitz M. Diagnosis, treatment, and long-term management of

379 Kawasaki Disease: a scientific statement for health professio-

380 nals from the American heart association. Circulation.

381 2017;135:e927�99.

382 7. Sonobe T, Kiyosawa N, Tsuchiya K, Aso S, Imada Y, Imai Y, et al.

383 Prevalence of coronary artery abnormality in incomplete Kawa-

384 saki disease. Pediatr Int. 2007;49:421�6.

385 8. Lan Y, Li S, Yang D, Zhou J, Wang Y, Wang J, et al. Clinical char-

386 acteristics of Kawasaki disease complicated with Mycoplasma

387 pneumoniae pneumonia: a retrospective study. Medicine (Balti-

388 more). 2020;99:e19987.

389 9. Haq IJ, Battersby AC, Eastham K, McKean M. Community

390 acquired pneumonia in children. BMJ. 2017;356:j686.

391 10. Aggarwal R, Pilania RK, Sharma S, Kumar A, Dhaliwal M, Rawat

392 A, et al. Kawasaki disease and the environment: an enigmatic

393 interplay. Front Immunol. 2023;14:1259094.

39411. Ravelli A, Martini A. Kawasaki disease or Kawasaki syndrome?

395Ann Rheum Dis. 2020;79:993�5.

39612. Toubiana J, Poirault C, Corsia A, Bajolle F, Fourgeaud J,

397Angoulvant F, et al. Kawasaki-like multisystem inflammatory

398syndrome in children during the COVID-19 pandemic in Paris,

399France: prospective observational study. BMJ. 2020;369:

400m2094.

40113. Yilmaz Ciftdogan D, Ekemen Keles Y, Cetin BS, Dalgic Karabulut

402N, Emiroglu M, Bagci Z, et al. COVID-19 associated multisyste-

403mic inflammatory syndrome in 614 children with and without

404overlap with Kawasaki disease-Turk MIS-C study group. Eur J

405Pediatr. 2022;181:2031�43.

40614. Falcini F, Vitale A, La Torre F, Conti G, Fede C, Calcagno G.

407Refractory pneumonia and high fever. Lancet. 2009;373:1818.

40815. Kawamura Y, Miura H, Saito K, Kanno T, Yokoyama T, Aizawa Y,

409et al. An atypical case of Kawasaki disease with severe pneumo-

410nia in a neonate. BMC Pediatr. 2022;22:132.

41116. Liu C, Chu D, Kalantar-Zadeh K, George J, Young HA, Liu G.

412Cytokines: from clinical significance to quantification. Adv Sci

413(Weinh). 2021;8:e2004433.

41417. Jarczak D, Nierhaus A. Cytokine storm-definition, causes, and

415implications. Int J Mol Sci. 2022;23:11740.

41618. Burns JC, Franco A. The immunomodulatory effects of intrave-

417nous immunoglobulin therapy in Kawasaki disease. Expert Rev

418Clin Immunol. 2015;11:819�25.

41919. Tanaka T, Narazaki M, Kishimoto T. Interleukin (IL-6) Immuno-

420therapy. Cold Spring Harb Perspect Biol. 2018;10:a028456.

42120. Saraiva M, Vieira P, O’Garra A. Biology and therapeutic poten-

422tial of interleukin-10. J Exp Med. 2020;217:e20190418.

42321. Ganz T. Anemia of inflammation. N Engl J Med.

4242019;381:1148�57.

42522. Tan M, Lu Y, Jiang H, Zhang L. The diagnostic accuracy of procal-

426citonin and C-reactive protein for sepsis: a systematic review

427and meta-analysis. J Cell Biochem. 2019;120:5852�9.

42823. Chen XF, Wu J, Zhang YD, Zhang CX, Chen XT, Sun JH, et al. Role

429of Zc3h12a in enhanced IL-6 production by newborn mononu-

430clear cells in response to lipopolysaccharide. Pediatr Neonatol.

4312018;59:288�95.

43224. Mammadov G, Liu HH, Chen WX, Fan GZ, Li RX, Liu FF, et al.

433Hepatic dysfunction secondary to Kawasaki disease: character-

434istics, etiology and predictive role in coronary artery abnormali-

435ties. Clin Exp Med. 2020;20:21�30.

43625. Frenkel A., Shiloh A., Azulay B., Novack V., Klein M., Dreiher J.

437The role of lactate dehydrogenase in hospitalized patients,

438comparing those with pulmonary versus non-pulmonary infec-

439tions: a nationwide study. PLoS One. 2023;18:e0283380.

ARTICLE IN PRESS
JID: JPED [mSP6P;August 7, 2025;12:52]

7

Jornal de Pediatria xxxx;xxx(xxx): 101424

https://doi.org/10.1016/j.jped.2025.101424
https://doi.org/10.1016/j.jped.2025.101424

	Predictive value of clinical indicators in children with community-acquired pneumonia complicated with Kawasaki disease
	Introduction
	Materials and methods
	Definition of serum cytokine levels
	Inclusion criteria
	Exclusion criteria
	Detection of respiratory pathogenic microorganisms for CAP
	Definition of positive respiratory pathogen

	Group definition
	Statistical analysis

	Results
	Discussion
	Conclusion
	Consent statement
	Authors´ contributions
	Conflicts of interest
	Data availability
	Funding
	Acknowledgments

	Supplementary materials
	References



