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Introduction: Multisystem inflammatory syndrome in children (MIS-C) has been reported as one of the cytokine storm syndromes associated with COVID-19. Despite the several proposed diagnostic criteria, MIS-C remains a diagnostic and clinical challenge. Recent studies have demonstrated that platelets (PLTs) play a crucial role in COVID-19 infection and its prognosis. This study aimed to investigate the clinical importance of PLT count and PLT indices in predicting MIS-C severity in children.



Patients and methods: We conducted a retrospective single-center study at our university hospital. A total of 43 patients diagnosed with MIS-C during a 2-year period (from October 2020 to October 2022) were included in the study. MIS-C severity was evaluated according to the composite severity score.



Results: Half of the patients were treated in the pediatric intensive care unit. No single clinical sign was associated with a severe condition, except for shock (p = 0.041). All the routine biomarkers, such as complete blood count (CBC) and C-reactive protein (CRP), used for MIS-C diagnosis were significant in predicting MIS-C severity. Single PLT parameters, such as mean PLT volume, plateletcrit, or PLT distribution width, did not differ between the severity groups. However, we found that a combination of PLT count and the previously mentioned PLT indices had the potential to predict MIS-C severity.



Conclusions: Our study emphasizes the importance of PLT in MIS-C pathogenesis and severity. It revealed that together with routine biomarkers (e.g., CBC and CRP), it could highly improve the prediction of MIS-C severity.
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1. Introduction

During the COVID-19 pandemic, severe acute respiratory syndrome coronavirus (SARS-CoV-2) infection in children was and is related to a less severe disease compared with that in adults. However, some children also develop COVID-19-related sequelae. Multisystem inflammatory syndrome in children (MIS-C) has been reported as one of the cytokine storm syndromes associated with COVID-19 and also in most of the patients who partially or fully meet the criteria of Kawasaki disease (KD) (1). Despite the several proposed diagnostic criteria (2–5), MIS-C remains a diagnostic and clinical challenge. This is evident in the variety of clinical MIS-C presentations, which can mimic different conditions from macrophage activation syndrome (MAS)-like features to less severe disease phenotypes, contributing to diagnostic complexity (6). The main symptoms of MIS-C, such as fever, rash, and signs of systemic inflammation resulting in multisystem organ dysfunction, can be found in many other infectious or inflammatory diseases in children (7). Nevertheless, a clear relationship between MIS-C outbreaks and previous SARS-CoV-2 infections defines it as a postinfectious condition (8–12). In the last few years, MIS-C has been scored according to its severity. Some patients demonstrate mild systemic symptoms and prolonged fever, while others present with signs of cardiac injury and shock, leading to admission to a pediatric intensive care unit (PICU) (6, 11). To date, efforts are ongoing to understand the pathogenesis of this condition and analyze any biomarkers that could predict the severity and outcomes of the disease.

One of the pathogenesis arms in severe SARS-CoV-2 infection and MIS-C is the activation of coagulation, resulting in a prothrombotic state in severe patients (13–15). The role of activated PLTs in the stimulation of immune cells and their interaction with different pathogens has been well described in several studies (16–18). For example, PLTs are involved in the formation of neutrophil (Neu) extracellular traps and in phagocytosis (19, 20). PLT counts and PLT indices, such as mean PLT volume (MPV) and PLT distribution width (PDW), which are easily obtainable from routine blood samples, are widely discussed as biomarkers and prognostic factors in severe bacterial infections, such as sepsis (21, 22). Moreover, they are promising markers for distinguishing viral infections, such as flu and COVID-19 (23). In addition, recent studies have demonstrated that PLTs play a crucial role in COVID-19 infection and its prognosis (24, 25). Only a few studies discuss PLT count as a risk factor for MIS-C and its severity (26–29). Thus, we aimed to investigate the clinical importance of PLT count and PLT indices in predicting MIS-C severity in children who presented to our university hospital and were diagnosed with MIS-C.



2. Materials and methods


2.1. Study design and study population

This retrospective single-center study was conducted at the Hospital of Lithuanian University of Health Sciences Kauno Klinikos. Data of all patients who met the World Health Organization (WHO) case definition of MIS-C (4) referred and treated from 1 October 2020 to 1 October 2022 were analyzed.



2.2. Data collection

Demographic data (age, gender), living location, past medical history, and data regarding previous COVID-19 infection (infection, contact, and duration from the contact) were collected from an electronic data system. The day of contact with the virus was defined according to the positive epidemiological anamnesis of confirmed COVID-19 illness in close relatives of the same household or school or other close contacts. Moreover, we included admission to the PICU, total length of stay (LOS) in the ward, and LOS in the PICU in the data analysis. In addition, MIS-C severity was evaluated according to the composite severity score proposed by Brisca et al.—Gaslini severity assessment tool (GSATool) (30). The groups were defined according to clinical presentation, signs of cardiac dysfunction on echocardiography, increased cardiac enzyme levels, and signs of laboratory features of MAS (30). Instead of using four severity classes as described in the original study, because of the small sample size of the study, we divided the patients into two groups: Group 1 (less severe patients corresponding to classes I and II according to the GSATool) and Group 2 (severe patients representing classes III and IV of GSATool) (30).



2.3. Laboratory tests

Considering the presentation signs of MIS-C, routine markers as follows were obtained: complete blood count (CBC), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), procalcitonin (PCT**), lactate dehydrogenase (LDH), albumin, creatine, urea, alanine transaminase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), cardiac dysfunction markers [troponin I, NT-proB-type natriuretic peptide (pro-BNP)], evidence of coagulopathy [prothrombin time (PT), activated partial thromboplastin time (APTT), international normalized ratio (INR), fibrinogen (FB), and elevated D-dimer (DD) levels], and signs of possible macrophage activation [ferritin (FR)]. The results of all the mentioned biomarkers were included in the data analysis. From the initial CBC, white blood cell (WBC), Neu, lymphocyte (Lymph), PLT count, hemoglobin (Hgb), MPV, plateletcrit (PCT), and PDW data were collected.



2.4. Statistical analysis

Statistical analysis was performed using Microsoft Excel and IBM SPSS Statistics version 29.0 software (SPSS Inc., Chicago, IL, United States) for Windows. We used the Shapiro–Wilk test to determine whether the data were normally distributed. Continuous variables were expressed as mean ± standard deviation (SD) or median and interquartile range (IQR). Qualitative data were presented as counts and percentages (%). As mentioned previously, the whole cohort was subdivided into two groups according to the MIS-C severity class of GSATool: Group 1 (GSATool class I and class II) and Group 2 (GSATool class III and class IV). Both groups were compared by an independent samples t-test if the data were normally distributed and by the Wilcoxon signed rank test and Mann–Whitney U test for non-parametric data. The diagnostic accuracy of MIS-C biomarkers was compared using receiver operating characteristic (ROC) curves. Youden's index was used to determine the cutoff values. A p-value < 0.05 was considered significant.



2.5. Ethical consent

Permission to conduct the study was obtained from the Kaunas Regional Biomedical Research Ethics Committee (BE-2–27). This study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines.




3. Results


3.1. General characteristics

In total, 43 children with a median age of 8 (5.2–10.9) years were included in the study. Only 13 pediatric patients matched GSATool classes III and IV and were assigned to Group 2. Older children had a more severe MIS-C course (p = 0.046). In total, 67.4% were boys, and a higher percentage of males was found in both severity groups. Half of the children were from the city (Table 1). More children with a lower MIS-C score were present in the Kaunas City area, but this was not significant (p = 0.587). Only seven children indicated a previous COVID-19 infection; however, data were lacking in the majority of the cases. Twenty children had previous contact with COVID-19-infected persons (relative, at school, etc.), and this did not differ significantly between the two groups. The median duration from contact to the first symptoms was 27.5 (25–30) days (Table 1), with no difference between cohorts (p = 0.253). Approximately half (48.8%) of the referred children were admitted to the PICU, with a median LOS of 2 (1–4) days in the PICU. More children were admitted in Group 2, but the difference was not significant (p = 0.078). Altogether, the median LOS was 10 (7–12) days. A significantly longer LOS was observed in more severe cases [9 (7.8–10.8) vs. 15 (10.9–19.6), respectively, p = 0.004] with no difference in the PICU LOS (p = 0.547) (Table 2).


TABLE 1 General characteristics of total MIS-C patients and according to the severity groups.
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TABLE 2 Symptoms and clinical features of total MIS-C patients according to the severity groups.
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3.2. Clinical features

On referral, most frequently, the children complained of gastrointestinal symptoms, rash, and conjunctivitis (Table 2). Twelve children had clinical features of pneumonia, and four presented with shock (Table 2). None of the symptoms or clinical features differed significantly between the severity groups, except for shock (p = 0.041). However, more severe MIS-C cases presented with abdominal pain and vomiting, and more cases had features of mesadenitis and bronchitis (Table 2).



3.3. Laboratory test results

Blood was drawn from all the patients for CBC, CRP, and other analyses of MIS-C biomarkers. Neu count was significantly higher in more severe MIS-C cases (Group 2) compared with that in Group 1 patients [10.4 (7.3–13.5) vs. 6.8 (5.4–8.2), respectively, p = 0.013] (Table 3). Other cell counts, Hgb, and PLT markers did not differ (Table 3). A significant increase in CRP levels was seen in more severe MIS-C cases (p = 0.027), along with other markers such as DD (p = 0.027), pro-BNP (p = 0.013), FR (p = 0.002), LDH (p = 0.032), and urea (p = 0.049) (Table 3).


TABLE 3 Laboratory test results of total MIS-C patients on admission and according to the severity groups.
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3.4. Prediction of MIS-C severity

We analyzed different marker combinations for predicting MIS-C severity. First, routine blood biomarkers were investigated following the MIS-C guidelines. All combinations were significant in predicting a severe course of MIS-C (Table 4). We observed that the combination of CRP with Neu with a cutoff value of 0.834 and area under the ROC curve (AUC) of 0.774 had a specificity of 92.3%; however, the sensitivity was 60% (Table 4). When biomarkers were added stepwise, sensitivity and specificity increased, with the best results obtained when all the biomarkers according to the MIS-C diagnostic guidelines were included (Table 4).


TABLE 4 Analysis of different laboratory parameters in MIS-C severity prediction.

[image: Table 4]



3.5. PLTs and PLT parameters

We analyzed the potential of PLT, MPV, PCT, and PDW in predicting MIS-C severity. With a cutoff value of 0.836 for the combination of these markers (without any additional CBC, CRP, and other biomarkers), the sensitivity and specificity for predicting MIS-C were 80.8% and 91.7%, respectively (AUC of 0.924; 95% CI of 0.940–1.009; p < 0.001) (Table 5). The inclusion of those markers along with the routine blood biomarkers enhanced their ability to predict MIS-C severity, increasing both sensitivity and specificity (Table 5).


TABLE 5 Analysis of platelet marker combinations with different laboratory parameters in MIS-C severity prediction.
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4. Discussion

MIS-C is a cytokine storm–caused condition and requires immediate and aggressive treatment in severe cases. We evaluated a total of 43 MIS-C cases admitted and treated in our university hospital. All of the patients were previously healthy with no comorbidities. Children presented with a variety of symptoms, and half of them required treatment in PICU. Although a single PLT biomarker did not differ between the severity groups, we found that the combination of PLT count and PLT indices had the potential to predict MIS-C severity.

The risk of MIS-C has been influenced by the spread of different variants of SARS-CoV-2 virus. Various studies have identified that the incidence of MIS-C was markedly lower during the Omicron wave, compared with earlier variants of the virus (31–33). According to our study, nearly half (48%) of the MIS-C cases emerged following the initial wave of COVID-19 in Lithuania. Unfortunately, most of our patients did not undergo polymerase chain reaction (PCR) for SARS-CoV-2 before developing MIS-C. Thus, we relied on epidemiological anamnesis of confirmed COVID-19 illness in the close contacts. The median time to the MIS-C onset was around 4 weeks (27.5 days), which corresponds to the MIS-C outbreaks observed in the majority of previous studies (8, 10, 11, 26, 29, 34–36).

MIS-C is characterized by fever, overwhelming systemic inflammation, hypotension, and cardiac dysfunction. Recent studies show that the severity of this condition can range from mild cases with lower inflammation markers to the most severe cases presenting with shock and MAS-like features (6, 37, 38). Our analyzed cohort of children also covered this wide spectrum of presentations and severities of MIS-C. The mean age of 8 years and male gender predominance (67.4%) found in our study were in line with the data from most MIS-C studies (6, 10, 11, 13, 26, 29, 34–36, 39). Moreover, the leading clinical manifestations of MIS-C were rash, gastrointestinal symptoms, and conjunctivitis (Table 2). In general, all clinical signs were consistent with previously published MIS-C studies and case reports of predominant abdominal symptoms, rash, and cardiovascular involvement (6, 39–41). Various data show that approximately 30%–60% of patients present with symptoms of shock and the need for treatment in the PICU (10, 26, 29, 34). In our case, only four children had symptoms of shock. In general, by analyzing our data, we retrospectively used a specific scoring method to identify the most severe patients and investigate the possible prognostic factors that could be used in early risk evaluation. We used the composite severity score (further GSATool) proposed by Brisca et al. (30). The researchers demonstrated that by using this multistep early risk evaluation (GSATool) and aggressive therapeutic approach, all 23 patients included in their study avoided admission to the PICU, invasive mechanical ventilation, extracorporeal circulatory and respiratory support, or administration of inotropic drugs. Most of our analyzed MIS-C patients fell into the less severe group (classes I and II according to the GSATool) (n = 30), and the majority of the cases did not differ in clinical symptoms or features at presentation, except for signs of shock (p = 0.041).

Admission to the PICU is one of the most evaluated outcomes for MIS-C severity. Systematic reviews conducted by Hoste et al. and Radia et al. have reported that approximately 68%–74% of MIS-C patients need treatment in the intensive care unit, and more than half of them (56.3%–77%) present with shock (13, 38). Another group of patients deteriorated during the disease course and were transferred to the PICU mainly because of the need for inotropic treatment (26, 38). In our study, nearly half of the children (48.8%) were admitted to the PICU. We observed that children were more frequently treated in the PICU if they scored higher according to the GSATool, although this was not statistically significant. Interestingly, 40% of Group 1 patients were admitted to the PICU despite the absence of the need for respiratory or cardiovascular support, which suggests that referral to the PICU may be influenced by the subjective decision of different physicians and the lack of specific severity (and/or outcome) prognostic factors in the early stage of the disease. Similar data were reported by Kaidar et al. in a retrospective multicenter study where one-third of the cases were treated in the PICU without the need for inotropic medications or vasopressors (26). The researchers hypothesized that admission to the PICU may not be the best outcome measure for MIS-C severity.

Nevertheless, the recovery from the severe condition is quite fast as the median duration in hospital in most of the studies does not exceed 10 days (11, 13, 27, 36, 42). We found similar results, with a short LOS in the PICU with a median of 2 days and an overall LOS in the hospital of a median of 10 days. The total LOS was mostly influenced by the severity group and admission to the PICU.

Regarding the variety of presentation signs of MIS-C, all patients underwent a screening panel of biomarkers according to the existing guidelines. Our findings of high Neu count and high values of CRP, DD, FR, and pro-BNP as risk factors for severe MIS-C (Table 3) are comparable to those of several previous studies (10, 26, 34, 36, 38, 43, 44). In one of the largest cohorts of 1,080 MIS-C patients, Abrams et al. determined that the odds of severe MIS-C increased significantly by two times with increased CRP, FR, and DD levels, and MIS-C was five times more likely if the level of pro-BNP was above 2,000 pg/ml (34). A similar importance of pro-BNP was reported in the study performed by Kaidar et al., where an increasing amount of pro-BNP could increase the risk of severe MIS-C by 8.4 times upon reaching levels above 8,000 ng/L (26). The significance of cardiac biomarkers in the early prediction of MIS-C in pediatric patients with COVID-19 has been determined in several studies (44, 45). Gullu et al. identified that a pro-BNP value of 282 ng/L or more alone had a striking sensitivity of 100% and a specificity of 93% with an AUC of 0.985, while an increase in troponin I was less sensitive (60%) but more specific (99.2%, AUC of 0.794) (44). Furthermore, a study from Israel has shown the associations of hemoglobin level ≤95 g/L [odds ratio (OR) 3.356 (1.06–10.61)], PLT count <150 K/ml [OR 4.26 (1.40–12.96)], and CRP value ≥200 mg/L [OR 4.44 (1.45–13.58)] with more severe MIS-C courses (26). We did not find any association of hemoglobin, lymphocyte, and PLT counts with the different severity groups, which was reported earlier (6, 11, 26, 27, 34). Certainly, our cohort was small, and some other studies have addressed higher number of patients. Moreover, we did not include patients older than 18 years of age in our analysis. This population is shown to be associated with more severe MIS-C (46). Nevertheless, in our study, we observed that older patients presented with more severe MIS-C features compared with younger ones [7 (6.9–8.8) vs. 10 (7.6–12.6), respectively, p = 0.046]. As expected, all the routine inflammatory markers used for the diagnosis of MIS-C could predict the severity of the condition in our cohort. The combination of CRP and Neu alone was highly specific (92.6%) but was not sensitive enough (60%) to predict the severity group. In addition, the combination of all biomarkers in the MIS-C diagnostic panel showed the highest sensitivity and specificity (Table 4). However, not all MIS-C routine biomarkers are freely available in primary care or small regional hospitals (43). Thus, a simpler and more easily obtainable prediction model of disease severity would enable faster referral of suspected severe cases to specialized centers or prompt prescription of specific treatment.

The need for new biomarkers for the evaluation of severe conditions has raised interest in the involvement of PLTs in immunity and their activation signs. Recently, a clinically well-known prognostic factor of thrombocytopenia in severe bacterial infections was supplemented by changes in the MPV and PDW as evidence of innate and adaptive immune response activation (18). Moreover, Barrett et al. found that reticulated PLT count, larger size, and immaturity in SARS-CoV-2 infection were associated with more severe disease and all-cause mortality (25). Furthermore, in severe cases of MIS-C that needed inotropic support or a longer stay in the PICU, the PLT count was lower and DD and FB levels were higher, indicating upregulated coagulation (6, 26–29, 34). PVT volume index (PVI) values as prognostic indices have been demonstrated in several studies of COVID-19 patients (47); however, data on MIS-C are limited. In a retrospective single-center study of 64 MIS-C patients, Alkan et al. showed that MPV was significantly higher in the most severe patient group (39). However, other parameters (PDW and PCT) could not differentiate between severity groups. In our patient cohort, none of the PLT indices alone differed between the severity groups. MPV and PDW tended to be higher in patients with more severe disease, but the difference was not significant (p = 0.076 and p = 0.068, respectively). Interestingly, we found that a combination of these biomarkers (PLT, MPV, PCT, and PDW) with a cutoff value of 0.716 could predict MIS-C severity with a sensitivity of 80.8% and specificity of 91.7% (AUC of 0.901; 95% CI of 0.803–0.998; p < 0.001), demonstrating the potential of a fast and reliable composite biomarker in clinical practice. A routine clinical blood test using automated hematology analyzers can easily evaluate PVI and count the PCT—the volume occupied by PLTs in the blood as a percentage; thus, it could be easily applied in settings without the possibility of testing biomarkers, such as pro-BNP. PLTs have been shown to have the potential to differentiate between bacterial and viral diseases (48), which could help clinicians to differentiate between sepsis and viral-induced sequelae if MIS-C is suspected. Definitely, further studies are needed. Moreover, more research including healthy children, children with other viral diseases, and children with real KD should be included in a broader analysis to justify the use of PLT markers in clinical practice.

In conclusion, our study is the first in Lithuania to describe clinical and laboratory parameters associated with MIS-C severity, highlighting the significant role of PLTs in MIS-C pathogenesis and severity. PLTs and PLT index measurements in routine laboratory analyses may be helpful in predicting MIS-C severity. However, further prospective and follow-up studies are warranted.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Kaunas Regional Biomedical Research Ethics Committee, Lithuanian University of Health Sciences, Kaunas, Lithuania. Written informed consent to participate in this study from the participants’ legal guardian/next of kin was not required in accordance with the national legislation and the institutional requirements.



Author contributions

ASn: original idea; ASn and LJ: writing of original draft and review; LJ: data cleaning, statistical analysis, editing, and supervision; ASi, LV, and RS: data collection and review. All authors contributed to the article and approved the submitted version.



Acknowledgments

We thank all the patients and their families, as well as our hospital nursing staff.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Rowley AH. Understanding SARS-CoV-2-related multisystem inflammatory syndrome in children. Nat Rev Immunol. (2020) 20:453–4. doi: 10.1038/s41577-020-0367-5

2. Henderson LA, Canna SW, Friedman KG, Gorelik M, Lapidus SK, Bassiri H, et al. American College of Rheumatology clinical guidance for multisystem inflammatory syndrome in children associated with SARS–CoV-2 and hyperinflammation in pediatric COVID-19: version 1. Arthritis Rheumatol. (2020) 72:1791–805. doi: 10.1002/art.41454

3. CDC. Multisystem inflammatory syndrome (MIS). Cent Dis Control Prev (2020). Available at: https://www.cdc.gov/mis/mis-c/hcp/index.html (Accessed January 8, 2023).

4. Multisystem inflammatory syndrome in children and adolescents temporally related to COVID-19. Available at: https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19 (Accessed January 8, 2023).

5. Paediatric multisystem inflammatory syndrome temporally associated with COVID-19 (PIMS)—guidance for clinicians. RCPCH. Available at: https://www.rcpch.ac.uk/resources/paediatric-multisystem-inflammatory-syndrome-temporally-associated-covid-19-pims-guidance (Accessed January 8, 2023).

6. Sönmez HE, Çağlayan Ş, Otar Yener G, Başar EZ, Ulu K, Çakan M, et al. The multifaceted presentation of the multisystem inflammatory syndrome in children: data from a cluster analysis. J Clin Med. (2022) 11:1742. doi: 10.3390/jcm11061742

7. Canna SW, Cron RQ. Highways to hell: mechanism-based management of cytokine storm syndromes. J Allergy Clin Immunol. (2020) 146:949–59. doi: 10.1016/j.jaci.2020.09.016

8. Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri M, Ciuffreda M, et al. An outbreak of severe Kawasaki-like disease at the Italian epicentre of the SARS-CoV-2 epidemic: an observational cohort study. Lancet. (2020) 395:1771–8. doi: 10.1016/S0140-6736(20)31103-X

9. Treston B, Petty-Saphon N, Collins A, Murray S, Colgan A, Fitzgerald E, et al. Multisystem inflammatory syndrome in the context of paediatric COVID-19 infection in the Republic of Ireland April 2020 to April 2021. Acta Paediatr. (2022) 111:2344–51. doi: 10.1111/apa.16531

10. Whittaker E, Bamford A, Kenny J, Kaforou M, Jones CE, Shah P, et al. Clinical characteristics of 58 children with a pediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2. JAMA. (2020) 324:259. doi: 10.1001/jama.2020.10369

11. Godfred-Cato S, Bryant B, Leung J, Oster ME, Conklin L, Abrams J, et al. COVID-19–associated multisystem inflammatory syndrome in children—United States, March–July 2020. Morb Mortal Wkly Rep. (2020) 69:1074–80. doi: 10.15585/mmwr.mm6932e2

12. Son MBF, Murray N, Friedman K, Young CC, Newhams MM, Feldstein LR, et al. Multisystem inflammatory syndrome in children—initial therapy and outcomes. N Engl J Med. (2021) 385:23–34. doi: 10.1056/NEJMoa2102605

13. Hoste L, Van Paemel R, Haerynck F. Multisystem inflammatory syndrome in children related to COVID-19: a systematic review. Eur J Pediatr. (2021) 180:2019–34. doi: 10.1007/s00431-021-03993-5

14. Alahyari S, Moradi M, Rajaeinejad M, Jalaeikhoo H. Post-COVID-19 hematologic complications: a systematic review. Expert Rev Hematol. (2022) 15:539–46. doi: 10.1080/17474086.2022.2080051

15. Jankauskaite L, Malinauskas M, Snipaitiene A. Effect of stimulated platelets in COVID-19 thrombosis: role of alpha7 nicotinic acetylcholine receptor. Front Cardiovasc Med (2022) 9:1–11. doi: 10.3389/fcvm.2022.1037369

16. Portier I, Campbell RA. Role of platelets in detection and regulation of infection. Arterioscler Thromb Vasc Biol. (2021) 41:70–8. doi: 10.1161/ATVBAHA.120.314645

17. Delshad M, Safaroghli-Azar A, Pourbagheri-Sigaroodi A, Poopak B, Shokouhi S, Bashash D. Platelets in the perspective of COVID-19; pathophysiology of thrombocytopenia and its implication as prognostic and therapeutic opportunity. Int Immunopharmacol. (2021) 99:107995. doi: 10.1016/j.intimp.2021.107995

18. Fogagnolo A, Campo GC, Mari M, Pompei G, Pavasini R, Volta CA, et al. The underestimated role of platelets in severe infection a narrative review. Cells. (2022) 11:424. doi: 10.3390/cells11030424

19. Carestia A, Kaufman T, Schattner M. Platelets: new bricks in the building of neutrophil extracellular traps. Front Immunol (2016) 7:1–9. doi: 10.3389/fimmu.2016.00271

20. Raadsen M, Du Toit J, Langerak T, van Bussel B, van Gorp E, Goeijenbier M. Thrombocytopenia in virus infections. J Clin Med. (2021) 10:877. doi: 10.3390/jcm10040877

21. O’Reilly D, Murphy CA, Drew R, El-Khuffash A, Maguire PB, Ainle FN, et al. Platelets in pediatric and neonatal sepsis: novel mediators of the inflammatory cascade. Pediatr Res. (2022) 91:359–67. doi: 10.1038/s41390-021-01715-z

22. Pociute A, Kottilingal Farook MF, Dagys A, Kevalas R, Laucaityte G, Jankauskaite L. Platelet-derived biomarkers: potential role in early pediatric serious bacterial infection and sepsis diagnostics. J Clin Med. (2022) 11:6475. doi: 10.3390/jcm11216475

23. Ozcelik N, Ozyurt S, Yilmaz Kara B, Gumus A, Sahin U. The value of the platelet count and platelet indices in differentiation of COVID-19 and influenza pneumonia. J Med Virol. (2021) 93:2221–6. doi: 10.1002/jmv.26645

24. Jevtic SD, Nazy I. The COVID complex: a review of platelet activation and immune complexes in COVID-19. Front Immunol (2022) 13:1–7. doi: 10.3389/fimmu.2022.807934

25. Barrett TJ, Bilaloglu S, Cornwell M, Burgess HM, Virginio VW, Drenkova K, et al. Platelets contribute to disease severity in COVID-19. J Thromb Haemost. (2021) 19:3139–53. doi: 10.1111/jth.15534

26. Kaidar K, Dizitzer Y, Hashkes PJ, Wagner-Weiner L, Tesher M, Butbul Aviel Y, et al. Risk factors for haemodynamic compromise in multisystem inflammatory syndrome in children: a multicentre retrospective study. Rheumatology. (2022):keac692. doi: 10.1093/rheumatology/keac692

27. Yilmaz Ciftdogan D, Ekemen Keles Y, Cetin BS, Dalgic Karabulut N, Emiroglu M, Bagci Z, et al. COVID-19 associated multisystemic inflammatory syndrome in 614 children with and without overlap with Kawasaki disease-Turk MIS-C study group. Eur J Pediatr. (2022) 181:2031–43. doi: 10.1007/s00431-022-04390-2

28. Carter MJ, Fish M, Jennings A, Doores KJ, Wellman P, Seow J, et al. Peripheral immunophenotypes in children with multisystem inflammatory syndrome associated with SARS-CoV-2 infection. Nat Med. (2020) 26:1701–7. doi: 10.1038/s41591-020-1054-6

29. Karunakar P, Ramamoorthy JG, Anantharaj A, Parameswaran N, Biswal N, Dhodapkar R, et al. Clinical profile and outcomes of multisystem inflammatory syndrome in children (MIS-C): hospital-based prospective observational study from a tertiary care hospital in South India. J Paediatr Child Health. (2022) 58:1964–71. doi: 10.1111/jpc.16129

30. Brisca G, Consolaro A, Caorsi R, Pirlo D, Tuo G, Campanello C, et al. Timely recognition and early multi-step antinflammatory therapy may prevent ICU admission of patients with MIS-C: proposal for a severity score. Front Pediatr (2021) 9:1–8. doi: 10.3389/fped.2021.783745

31. Nygaard U, Holm M, Hartling UB, Glenthøj J, Schmidt LS, Nordly SB, et al. Incidence and clinical phenotype of multisystem inflammatory syndrome in children after infection with the SARS-CoV-2 delta variant by vaccination status: a Danish nationwide prospective cohort study. Lancet Child Adolesc Health. (2022) 6:459–65. doi: 10.1016/S2352-4642(22)00100-6

32. Levy M, Recher M, Hubert H, Javouhey E, Fléchelles O, Leteurtre S, et al. Multisystem inflammatory syndrome in children by COVID-19 vaccination status of adolescents in France. JAMA. (2022) 327:281–3. doi: 10.1001/jama.2021.23262

33. Holm M, Espenhain L, Glenthøj J, Schmidt LS, Nordly SB, Hartling UB, et al. Risk and phenotype of multisystem inflammatory syndrome in vaccinated and unvaccinated Danish children before and during the omicron wave. JAMA Pediatr. (2022) 176:821–3. doi: 10.1001/jamapediatrics.2022.2206

34. Abrams JY, Oster ME, Godfred-Cato SE, Bryant B, Datta SD, Campbell AP, et al. Factors linked to severe outcomes in multisystem inflammatory syndrome in children (MIS-C) in the USA: a retrospective surveillance study. Lancet Child Adolesc Health. (2021) 5:323–31. doi: 10.1016/S2352-4642(21)00050-X

35. Pouletty M, Borocco C, Ouldali N, Caseris M, Basmaci R, Lachaume N, et al. Paediatric multisystem inflammatory syndrome temporally associated with SARS-CoV-2 mimicking Kawasaki disease (Kawa-COVID-19): a multicentre cohort. Ann Rheum Dis. (2020) 79:999–1006. doi: 10.1136/annrheumdis-2020-217960

36. Feldstein LR, Rose EB, Horwitz SM, Collins JP, Newhams MM, Son MBF, et al. Multisystem inflammatory syndrome in U.S. children and adolescents. N Engl J Med. (2020) 383:334–46. doi: 10.1056/NEJMoa2021680

37. Dhar D, Dey T, Samim MM, Padmanabha H, Chatterjee A, Naznin P, et al. Systemic inflammatory syndrome in COVID-19–SISCoV study: systematic review and meta-analysis. Pediatr Res. (2022) 91:1334–49. doi: 10.1038/s41390-021-01545-z

38. Radia T, Williams N, Agrawal P, Harman K, Weale J, Cook J, et al. Multi-system inflammatory syndrome in children & adolescents (MIS-C): a systematic review of clinical features and presentation. Paediatr Respir Rev. (2021) 38:51–7. doi: 10.1016/j.prrv.2020.08.001

39. Alkan G, Sert A, Tüter Öz ŞK, Emi˙Roğlu M. Hematological parameters and inflammatory markers in children with multisystem inflammatory syndrome. Genel Tıp Derg. (2022) 32(4):415–24. doi: 10.54005/geneltip.1104257

40. Zhao Y, Yin L, Patel J, Tang L, Huang Y. The inflammatory markers of multisystem inflammatory syndrome in children (MIS-C) and adolescents associated with COVID-19: a meta-analysis. J Med Virol. (2021) 93:4358–69. doi: 10.1002/jmv.26951

41. Kline JN, Isbey SC, McCollum NL, Falk MJ, Gutierrez CE, Guse SE, et al. Identifying pediatric patients with multisystem inflammatory syndrome in children presenting to a pediatric emergency department. Am J Emerg Med. (2022) 51:69–75. doi: 10.1016/j.ajem.2021.10.011

42. Kaushik S, Aydin SI, Derespina KR, Bansal PB, Kowalsky S, Trachtman R, et al. Multisystem inflammatory syndrome in children associated with severe acute respiratory syndrome coronavirus 2 infection (MIS-C): a multi-institutional study from New York city. J Pediatr. (2020) 224:24–9. doi: 10.1016/j.jpeds.2020.06.045

43. Chinniah K, Bhimma R, Naidoo KL, Archary M, Jeena P, Hoosen E, et al. Multisystem inflammatory syndrome in children associated with SARS-CoV-2 infection in KwaZulu-Natal, South Africa. Pediatr Infect Dis J. (2023) 42:e9–14. doi: 10.1097/INF.0000000000003759

44. Güllü UU, Güngör Ş, İpek S, Yurttutan S, Dilber C. Predictive value of cardiac markers in the prognosis of COVID-19 in children. Am J Emerg Med. (2021) 48:307–11. doi: 10.1016/j.ajem.2021.06.075

45. Fridman MD, Tsoukas P, Jeewa A, Yeung RSM, Gamulka BD, McCrindle BW. Differentiation of COVID-19–associated multisystem inflammatory syndrome from Kawasaki disease with the use of cardiac biomarkers. Can J Cardiol. (2022) 1–9. doi: 10.1016/j.cjca.2022.11.012

46. Patel P, DeCuir J, Abrams J, Campbell AP, Godfred-Cato S, Belay ED. Clinical characteristics of multisystem inflammatory syndrome in adults. JAMA Netw Open. (2021) 4:e2126456. doi: 10.1001/jamanetworkopen.2021.26456

47. Daniels S, Wei H, van Tongeren M, Denning DW. Are platelet volume indices of clinical use in COVID-19? A systematic review. Front Cardiovasc Med. (2022) 9:1–18. doi: 10.3389/fcvm.2022.1031092

48. Tamelytė E, Vaičekauskienė G, Dagys A, Lapinskas T, Jankauskaitė L. Early blood biomarkers to improve sepsis/bacteremia diagnostics in pediatric emergency settings. Medicina. (2019) 55:99. doi: 10.3390/medicina55040099



OPS/images/fped-11-1153623-t002.jpg
Symptoms and clinical
features

Vomit, 7 (%)

Total, n

43

21 (49)

Severity group

Group 1
(n=30)

Group 2
(n=13)

p-value

Abdominal pain, n (%)

24 (56)

Diarrhea, n (%) 16 (37) 10 (33) 6 (46) 0.424
Obstipation, n (%) 205 2 0 0.342
Mesadenitis, n (%) 13 (30) 7 (23) 6 (46) 0.135
Lymphadenopathy, n (%) 7 (16) 537 2(15) 0917
Conjunctivitis, n (%) 25(58) | 17(57) 8 (62) 0.766
Rash, n (%) 31(72) | 2@3) 9.(69) 0.783

Sole desquamation, n (%)

409)

Raspberry lips, tongue, 1 (%)

19 (44)

Pneumonia, 1 (%) 1208 | 7023 5(38) 0311
Pleuritis, n (%) 5(12) 300 2(15) 0.698
Bronchitis, (%) 8(19) 3 (10) 5(38) 0.058
Coronary injury, 7 (%) 409 103 3(23) 0.154
Other symptoms 92y 6 (20) 3(23) 0312
(neurological, nephrological,

and articular), 7 (%)

Shock, 11 (%) 4(9) 103) 3023 0041

. number; IGR, range; MIS-C, syndrome in
children

p-value < 0.05 was considered statistically significant. Statisticaly significant results

are provided in bold.





OPS/images/fped-11-1153623-t001.jpg
Number of patients included (n) Group 1 Group 2 p-value

Total (n=43)

n=30 =13

Median age (year) (IQR) 8 (5.2-10.9) 7 (6.9-8.8) 10 (7.6-12.6)
Age groups (year) (%) < 10 (23) 9 (30) 1(.7)
5-10 18 (419) 12 (40) 6 (462)
10-15 13 (302) 8 (26.7) 5 (38.5)
>15 2(47) 1(33) 1(7.7)
Gender Gender (male) (%) 29 (67.4) 21 (70) 8 (61.5) 0587
Location Region (%) 20 (465) 12 (40) 8 (615) 0.193
City (%) 23 (535) 18 (60) 5 (385)
SARS-CoV -2 infection Positive PCR (%) 7(163) 4(133) 330 0.091
Not detected (%) 5 (11.6) 5 (16.7) 00
No data (%) 31(72) 21 (70) 10 (76.9)
COVID contact Positive (%) 20 (46.5) 16 (533) 4(30.8) 0203
Negative (%) 21 (488) 13 (433) 8 (61.5)
No data (%) 2(47) 1(33) 1(7.69)
Median duration from contact to first 275 (25-30) 563 (3.29-7.97) 4.46 (3.12-5.80) 0253
MIS-C symptoms (day) (IQR)
Severity score (, %) 0 15 (349)
1 6 (14.0)
I 9 (209)
i 10 (233)
v 3(70)
Admitted to PICU (n) (%) 21 (48.8) 12 (40) 9 (69.2) 0078
Median LOS (day) (IQR) 10 (7-12) 930 (7.81-10.79) 15.23 (10.87-19.60) 0004
Median LOS in PICU (day) (IQR) 2(1-4) 236 (1.27-3.46) 3.38 (165-5.10) 0547

n, number; IGR, interquartile range; SD, standard deviation; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus; COVID,

disease; MIS-C, syndrome in children: PICU, pediatric intensive care unit; LOS, length of stay.
n-valiae < 0.05 was considered statictically siorificant Statistically sionificant resulfs are brovided in bold.





OPS/images/fped-11-1153623-t004.jpg
Laboratory parameters

Cutoff value | Youden's index = AUC (95% CI)

Sensitivity % | Specificity % | p-value

CRP + Neu 0774 (0.636-0.912)

CRP + Neu + PCT**

CRP + Neu + PCT** + DD 0.800 (0.647-0.953)

CRP + Nen + PCT** + DD + FB 0552 0614 0.860 (0.736-0.984) 86.4 75 <0.001
CRP + Neu + PCT** + DD + FB + pro-BNP 0774 069 0902 (0.801-1.002) 773 917 <0.001
CRP + Neu + PCT** + DD + FB + pro-BNP + FR 0.807 0773 0917 (0.823-1.012) 773 100 <0.001
CRP + Neu + PCT** + DD + FB + pro-BNP + FR + LDH 0613 03861 0965 (0.909-1.022) 952 %09 <0.001
CRP + Neu + PCT** + DD + FB + pro-BNP + FR + LDH + U 0500 B 1.000 (1.000-1.000) 100 100 <0.001
CRP + Neu + Lymph + FR + pro-BNP + PCT** 0836 075 0924 (0.840-1.009) 750 100 <0.001

CRP, C-reactive protein; Neu, neutrophils; PCT**, procalcitonin; DD, D-dimer; FB, fibrinogen; pro-BNP, NT-proB-type natriuretic peptide; FR, ferritin; LDH, lactate

dehydrogenase; U, urea; Lymph, lymphocyte; AUC, area under the ROC curve; CI, confidence interval.

p-viilec 0 05 was considered stnliiicaliy sipificant.





OPS/images/fped-11-1153623-t003.jpg
Laboratory tests Severity group

CBC Group 1 (median, IQR) Group 2 (median, IQR)

WBC, 10° cells/L. 92 (6-12) 9.1 (7.5-108) 121 (8.6-15.5) 0.083
Neu (x10° cells/L) B 7 (4-11) B 6.8 (5.4-8.2) H 104 (73-135) oo
Lymph (x10° cells/L) 14 (05-1.6) 16 (11-2.1) 1(0.6-14) 0.160
Hgb (g/L) 120 (111-126) 118 (113.8-1224) 122 (113.7-1308) 0321
PLT (x10° cells/L) 194 (102-303) 237 (174.3-299.2) 221 (1292-313.2) 0776
MPV (1) 835 (72-94) 8.08 (7.61-8.56) 8.77 (8.25-9.28) 0076
PCT (%) 0.17 (011-0.24) 0.18 (014-0.23) 021 (0.13-029) 0538
PDW (%) 166 (163-17.0) 1660 (1642-16.77) 1690 (1657-17.23) 0.068
145.8 (100-222) 135.1 (103.9-166.2) 199.9 (145.7-254.1) 0027

ESR (n=41) (mm/h) 27 (14-41) 28.66 (18.75-38.56) 3431 (20.82-47.80) 0498
PCT** (n=38) (ng/ml) 158 (0-7.75) 481 (111-852) 1241 (222-22.59) 0071
PT (n=42) (%) 284 (24-34) 29.13 (22.94-35.32) 35.92 (26.27-45.58) 0216
APTT (n=42) (5) 38 (34-43) 3642 (31.96-40.89) 39.57 (35.28-43.86) 0377
INR (1=39) 12 (11-13) 116 (1.05-1.26) 125 (117-1.33) 0247
D-dimers (1= 41) (ng/ml) 3.1(20-4.5) 3.01 (243-4.37) 4.78 (3.42-6.14) 0027
Fibrinogen (n=39) (g/L) 4.3 (2.6-5.4) 3.40 (2.43-4.37) 4.78 (3.42-6.14) 0.094
‘Troponin I (n=39) (ng/ml) 0.06 (0.03-0.20) 0.13 (0.01-0.24) 4.42 (1.24-13.43) 0002
Pro-BNP (n=38) ( 82 (0-221) 85.84 (44.03-127.65) 475.03 (27.31-922.75) 0013
Ferritin (n=39) (mcg/L) 155 (78-280) 150.56 (101.39-199.72) 409.85 (182.45-637.25) 0.002
LDH (n=39) (U/L) 236 (0-303) 174.73 (123.91-225.55) 276.77 (185.33-368.21) 0032
Albumin (n=39) (g/L) 27 (0-31) 19.68 (12.96-26.40) 2095 (12.05-29.84) 0818
Creatine (n=41) (umol/L) 39 (31-47) 39.66 (32.43-46.98) 47.00 (33.49-60.51) 0283
Urea (n=40) (U/L) 4.0 (2.8-4.8) 370 (3.21-4.20) 4.87 (3.38-6.36) 0049
ALT (n=40) (IU/L) 26 (18-43) 35.18 (24.46-45.90) 32.25 (23.64-40.86) 0730
AST (1=40) (U/L) 36 (28-49) 40.68 (31.44-49.92) 4183 (34.20-49.47) 0875
GG (= 38) (AUIL) 185 (12.5-39) 3165 (15.26-48.05) 39.58 (18.70-40.46) 0.867

CBC, complete blood count; WBC, white blood cell; Lymph, lymphocytes; Mono, monocytes; Hgb, hemoglobin; PLT, thrombocytes; MPV, mean platelet volume; PCT,
plateletcrit; PDW, platelet distribution width; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PCT**, procalcitonin; PT, prothrombin time; APTT, activated
partial thromboplastin time: INR, interational normalized ratio; pro-BNP, NT-proB-type natriuretic peptide; LDH, lactate dehydrogenase; ALT, alanine transaminase;
AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; MIS-C, multisystem inflammatory syndrome in children.

p-value < 0.05 was considered statistically significant. Statistically significant results are provided in bold.






OPS/images/fped-11-1153623-t005.jpg
Laboratory parameters Cutoff value | Youden's index | AUC (95% Cl) Sensitivity % | Specificity % | p-value

PLT + MPV + PCT + PDW 0716 0.725 0901 (0.803-0.998) 808 917 <0.001
PLT + MPV + PCT + CRP 0810 0.615 0827 (0.760-0.984) 615 100 <0.001
PLT + MPV + PCT + PCT** 0687 0773 0917 (0.821-1.014) 773 100 <0.001
PLT + MPV + PCT + PDW + pro-BNP. 0667 071 0929 (0.845-1.012) 857 853 <0.001
PLT + MPV + PCT + PDW + FR 0759 0.87 0949 (0.877-1.020) 870 100 <0.001
PLT + MPV + PCT + PDW + LDH 0642 0.83 0906 (0.794-1.018) 913 917 <0.001
PLT + MPV + PCT + PDW + U 0788 0.75 0886 (0.779-0.994) 750 100 <0.001
PLT + MPV + PCT + PDW + FB 0616 0.697 0917 (0.826-1.007_ 864 833 <0.001
PLT + MPV + PCT + PDW + LDH + FR 0567 0.814 0944 (0.855-1.032) 905 909 <0.001
PLT + MPV + PCT + PDW + LDH + pro-BNP 0500 1 1.000 (1.000-1.000) 100 100 <0.001

PLT, platelet; MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width; CRP, C-reactive protein: PCT*¥, procalcitonin; pro-BNP, NT-proB-type
natriuretic peptide; FR, ferritin; LDH, lactate dehydrogenase; U, urea; FB, fibrinogen; MIS-C, multisystem inflammatory syndrome in children; AUC, area under the ROC
curve; Cl, confidence interval.

vl < 005 wes considered statistically Soraficant






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Platelet role in the prediction of MIS-C severity

		1. Introduction



		2. Materials and methods



		2.1. Study design and study population



		2.2. Data collection



		2.3. Laboratory tests



		2.4. Statistical analysis



		2.5. Ethical consent











		3. Results



		3.1. General characteristics



		3.2. Clinical features



		3.3. Laboratory test results



		3.4. Prediction of MIS-C severity



		3.5. PLTs and PLT parameters











		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





