


Type of study: Original Research Article
Post-COVID-19 Multisystem Inflammatory Syndrome: A Cross - Sectional Retrospective Study 
ABSTRACT

	Aims: To verify if children hospitalized by COVID-19, met the criteria for Multisystem Inflammatory Syndrome. 
Study design: Quantitative, retrospective cohort, retrolective.
Place and Duration of Study: Sample: All registries from Guanajuato General Hospital of patients with less than 21 years old with diagnosis of COVID-19, from April 2020 to December 2023.
Methodology: It was obtained 664 registries from hospitalized patients with an admission diagnosis of COVID-19; 27 records corresponded to patients under 21 years of age, and one of these records was eliminated due to the lack of a positive COVID-19 result.
The CDC criteria for Multisystem Inflammatory Syndrome in children was applied in the 26 records; also it was collected, sex, age, co-morbidities, days of positive SARS-CoV-2 test and days hospitalized. It was calculated Chi-squared test and OR (95% CI) with logistic regression.
Results: 3 from 26 (11.54%) children fulfilled the CDC criteria for Multisystem Inflammatory Syndrome in children, mainly fever ≥38°C (100%), the severity of the case required hospitalization (100%), cardiac involvement (0%), 2 had inflammation of oral mucosa (66.67%), 2 had abdominal pain (66.67%),  1 vomiting (33.33%), 2 had platelet count ≤ 150,000 cells/µL (66.67%). The Chi-squared test and logistic regression were no significative (P >.05) between sex, age, co-morbidties, days with COVID-19, and days hospitalized.
Conclusion: The frequency of Multisystem Inflammatory Syndrome in children was higher that reported in another places. The sample size was short and probably for this, the non-significative of the results.
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1. INTRODUCTION 

On December 31, 2019, a case of pneumonia caused by a novel coronavirus, which had not been identified in humans, was reported in Wuhan, China [1,2]. On January 20, 2020, the World Health Organization (WHO) declared a Public Health Emergency of International Concern [1] due to an increased number of cases in China, but it spread to other countries.
Following this sequence of events, the SARS-CoV-2 infection outbreak spread to more countries, becoming a pandemic that affected more than 200 countries worldwide [3].
Mexico was no exception. The first case of COVID-19 was confirmed on February 20, 2020, and from then on, cases increased, reaching more than 1,000 confirmed cases by the end of March 2020 [4]. Multisystem Inflammatory Syndrome (MIS) was reported as a life-threatening hyperinflammation 4 to 6 weeks after the onset of SARS-CoV-2 infection in children (MIS-C) [5]. MIS-C was initially reported in the United Kingdom in April 2020, describing an increase in critically ill children with hyperinflammatory shock and evidence of SARS-CoV-2 infection [7], then in Spain [8] and in New York City, USA [9]. The US Centers for Disease Control and Prevention (CDC) and the World Health Organization (WHO) developed definitions for this entity [6,10,11]. 
The prevalence of MIS-C has been estimated at 2/100,000 children [9]. Waves of MIS-C cases follow 4-6 weeks after peaks in COVID cases in adults [12,13]. By November 2022, 9,000 cases of MIS-C has been reported in United States of America [14]. The prevalence of MIS in adults (MIS-A) is even less clear, and the CDC definitions are used, differentiating between MIS-C and MIS-A, basically evidence of COVID-19 in the previous two weeks, age <21 years in children and >21 in adults, fever in children and absence of fever in adults, and respiratory illness in children and absence of fever in adults [6,10]. By 2023, the CDC modified the definition of MIS-C and MIS-A [15].
[bookmark: _Hlk196031622]The Guanajuato General Hospital (GGH) is a secondary care institution, part of the Institute of Public Health from Guanajuato State (IPHGS) system in Guanajuato, Mexico. During 2020, the Hospital was converted to care for patients with COVID-19, with a triage department, who decided to perform the PCR test and if the disease was severe, the patient was hospitalized. The GGH has 127 beds. 
The objective was to determine whether children hospitalized at the GGH met the criteria for MIS-C between 2020-2023. 

2. methodology 

A quantitative, retrospective, cross-sectional, analytical, correlational, and retrolective study was designed. The records of patients hospitalized with COVID-19 at the Guanajuato General Hospital from April 2020 to December 2023 were reviewed.
The inclusion criteria were records of hospitalized patients under 21 years of age with an admission diagnosis of COVID-19, confirmed with SARS-CoV-2 antigen or PCR positive results. Records with missing data were eliminated.
Sampling was not performed, as all records diagnosed with COVID-19 were included.
2.1 Variables
Age, sex, date of SARS-CoV-2 infection, and days of hospitalization and co-morbidities were included.
For the diagnosis of MIS-C, Table 1 shows the CDC criteria in 2023 [15]. 

Table 1 Diagnosis criteria for Multisystem Inflammatory Syndrome in children [15]

	They must present all of the following
	At least two of the following
	Laboratory criteria

	Fever 38°C or higher
	1.- Cardiac involvement:
Left ventricular ejection fraction <55%, or
Coronary arteria dilatation, aneurysm, or ectasia, or
Troponin elevated above laboratory range


	Detection of SARS-CoV-2 RNA in a clinical specimen up to 60 days prior to or during hospitalization, or in a post-mortem using polymerase reaction chain (PCR), or
Detection of SARS-Cov-2 specific antigen in a clinical specimen up to 60 days prior to or during hospitalization, or in a post-mortem, or
Detection of SARS-CoV-2 specific antibodies, in serum, plasma or whole blood.

	Clinical severity, required hospitalization
	2.- Mucocutaneous involvement:
Rash, or
Inflammation of oral mucosa, or
Conjunctivitis, or
Erythema, or edema en extremities

	

	Systemic inflammation with C-reactive protein of 3.0 mg/dl (30 mg/L)
	3.- Shock
	

	
	4.- Gastrointestinal involvement:
Abdominal pain, or
Vomiting, or
Diarrhea
	

	
	5.- Hematological involvement:
Platelet count <150,000 cells/µL, or
Absolute lymphocyte count
	


Source: Taken from CDC criteria for MIS-C [15]

Also, was registered the reason for discharge from the hospital.

2.2 Procedures
The protocol was approved by the Ethics Committee on Research of the Salamanca General Hospital with registration CEI-HGS015-2023.
The records of patients hospitalized with COVID-19 between April 2020 and December 2023 were accessed. No personal identifying data, such as name, address, telephone number, or any other information that could identify the patient, were collected. The data were analyzed, and the final report was written.

2.3 Statistical analysis. 

Descriptive statistics were used for all data collected. The frequency of MIS-C was calculated for all patients hospitalized with COVID-19. ORs and 95% confidence intervals were calculated for sex and MIS-C. In all analysis the P-value was fixed in .05. Statistical analysis was perfomed in STATA 13.0 (Stata Corp., College Station, TX, USA).


3. RESULTS AND DISCUSSION

A total of 664 records were identified for hospitalized patients with an admission diagnosis of COVID-19; 27 records corresponded to patients under 21 years of age, and one of these records was eliminated due to the lack of a positive COVID-19 result.
The general characteristics of the remaining 26 records are shown in table 1, .showing the characteristics of childr
en hospitalized with COVID-19; males predominated (57.7%), those who had not completed any schooling predominated (80.8%), because of age, 84.6% had no comorbidities, and there were no deaths. 96.2% were discharged due to improvement, and one patient was transferred to a tertiary hospital.

Table 2 Sociodemographic characteristics of children hospitalized by COVID-19
	Variable
	n      %

	Sex
   Male
   Female
	
15    57.69
11    42.31

	School
   Nothing
   Elementary
	
21    80.77
5      19 23

	Co-morbidities
   None
   Heart disease
   Asthma
   Obesity
	
22    84.62
2        7.68
1        3.85
1        3.85

	Discharge
   Improvement
   Translated
	
25    96.15 
1        3.85


Source: Registries from GGH

Table 3 shows quantitative variables for children hospitalized with COVID-19 at the GGH; the mean age was 1.5 years, the mean hospital stay was 2 days, and the time since SARS-CoV-2 test was positive was 2 days.

Table 3 Quantitative data of the children hospitalized by COVID-19
	Variable
	Range
	Median, Percentiles 25-75

	Age (years)
	0 to 16
	1.5, 0.25 – 7

	Time of positivity to SARS-CoV-2 (days)
	0 to 12
	2, 1 – 8

	Time of hospitalization (days)
	0 to 15
	2, 1 – 5


Source: Registries from GGH

Table 4 shows the distribution of presentation of the diagnostic criteria of MIS-C, according to CDC [15]; fever greater than 38 ° C was reported in 88.46% of the children, all were hospitalized due to their severe condition, none of the children had cardiac involvement in any of its forms, 1 child had rash (3.85%), 14 (53.85%) had lesions in the oral mucosa, 3 (11.54%) reported shock, 5 (19.23%) reported abdominal pain, 2 (7.69%) vomiting and 2 reported diarrhea, 2 (7.69%) reported thrombocytopenia and all 26 children had a positive PCR test for SARS.CoV-2.
 
Table 4 Distribution of MIS-C criteria in hospitalized children by COVID-19
	Criteria for MIS-C
	n           %

	Fever 38°C or higher
   Yes
   No
	
23        88.46
3          11.54

	Clinical severity, required hospitalization
	26       100.00

	Systemic inflammation with C-reactive protein of 3.0 mg/dl (30 mg/L)
   Yes
   No
	
19          73.08
7            26.92

	Cardiac involvement:
   No
   Left ventricular ejection fraction <55%
   Coronary arteria dilatation Aneurysm 
   Ectasia 
   Troponin elevated above laboratory range
	
26        100.00
0
0
0
0

	Mucocutaneous involvement:
    Rash
       Yes
        No
   Inflammation of oral mucosa
        Yes
        No
Conjunctivitis
        Yes
         No
Erythema
        Yes
         No 
Edema in extremities
        Yes
         No
	

1             3.85
25          96.15

14           53.85
12           46.15

0
26        100.00

0
26       100.00

0
26       100.00

	   Shock
        Yes
        No
	
3           11.54
23         88.46

	Gastrointestinal involvement:
   Abdominal pain
        Yes
        No
   Vomiting
        Yes
         No
   Diarrhea
        Yes
         No   
	

5           19.23
21         80.77

2             7.69
24          92.31

2              7.69
24           92.31

	Hematological involvement:
   Platelet count <150,000 cells/µL
        Yes
         No
	

2  7.69
24  92.31

	Detection of SARS-CoV-2 RNA in a clinical specimen up to 60 days prior to or during hospitalization, or in a post-mortem using polymerase reaction chain (PCR), or
Detection of SARS-Cov-2 specific antigen in a clinical specimen up to 60 days prior to or during hospitalization, or in a post-mortem, or
Detection of SARS-CoV-2 specific antibodies, in serum, plasma or whole blood.
      Yes
       No
	





26  100.00
0


MIS-C Multisystem Inflammatory Syndrome
Source: Registries from GGH

Table 5 shows the data of the 3 patients who meet the diagnostic criteria for MIS-C.

Table 5 Data from patients hospitalized that fulfilled CDC criteria for MIS-C
	Criteria
	Patient 1
	Patient 2
	Patient 3

	Age (years)
	7
	12
	0.25

	Fever 38°C or higher
	Yes
	Yes
	Yes

	Clinical severity, required hospitalization
	Yes
	Yes
	Yes

	Systemic inflammation with C-reactive protein of 3.0 mg/dl (30 mg/L)
	Yes
	Yes
	Yes

	Cardiac involvement:
   Left ventricular ejection fraction <55%
   Coronary arteria dilatation 
   Aneurysm 
   Ectasia 
   Troponin elevated above laboratory range
	No
	No
	No

	Mucocutaneous involvement:
   Rash
   Inflammation of oral mucosa
   Conjunctivitis
   Erythema 
   Edema in extremities
	
No
Yes
No
No
No
	
No
No
No
No
No
	
No
Yes
No
No
No

	Shock
	No
	No
	No

	Gastrointestinal involvement:
   Abdominal pain
   Vomiting
   Diarrhea
	
Yes
No
No
	
Yes
Yes
No
	
No
No
No

	Hematological involvement:
   Platelet count <150,000 cells/µL.
	
No
	
Yes
	
Yes

	Detection of SARS-CoV-2 RNA in a clinical specimen up to 60 days prior to or during hospitalization, or in a post-mortem using polymerase reaction chain (PCR), or
Detection of SARS-Cov-2 specific antigen in a clinical specimen up to 60 days prior to or during hospitalization, or in a post-mortem, or
Detection of SARS-CoV-2 specific antibodies, in serum, plasma or whole blood.
	Yes (PCR)
	Yes (PCR)
	Yes (PCR)


MIS-C Multisystem Inflammatory Syndrome
Source: Registries from GGH

With Chi-squatred test and P- value. There are not significative results of sex, age, co-morbidities, days with COVID-19, and days hospitalized (P-value >.05 in all cases) 

In logistic regression searching effect of variables on MIS-C, the results were no significative, probably, because only 3 from 26 covered the criteria of MIS-C.

Table 6 Logistic regression between variables and MIS-C
	
	Sex and MIS-C 
	Age and MIS-C
	Co-morbidities and MIS-C
	Days with COVID-19 and MIS-C
	Days hospitalized and MIS-C

	OR
	3.11
	1.07
	1
	1.18
	1.29

	IC 95%
	0.21 – 39.5
	0.87 – 1.31
	- -
	0.87 – 1.61
	0.97 – 1.70

	Likelihood Ratio Test
	0.82
	0.35
	1
	1.12
	3.24

	P-value
	.37
	.56
	- -
	.29
	.07


MIS-C Multisystem Inflammatory Syndrome
Source: Records from GGH

Since the initial report of MIS-C in United Kingdom in 2020, CDC recorded 3742 cases with 35 deaths  in USA in 2021 [16]; MIS was related to Kawasaki disease and toxic shock syndrome, but it was clear that MIS is a new disease post-COVID-19 [17].
The MIS-C is predominant between 5-14 years old, 2-6 weeks after the initial COVID-19 [18] 

In the three cases of MIS-C detected in our sample, none had cardiac involvement, which is explained by the fact that the older the patient, the greater the cardiac involvement [18].
None of the three registries of patients diagnosed with MIS-C meet the diagnostic requirements for Kawasaki disease [19]. Another difference is that Kawasaki disease is present at an early age (5 years or younger), with 25 per 100,000 children under 5 years of age, while MIS-C is present in 2 per 100,000 children under 21 years of age [20,21].

The detection rate of MIS-C in this sample was 11.53%, much higher than the rate reported in the United States of 2/100,000 children [9].
Of note, of the 26 children hospitalized with COVID-19 at the GGH, 1 was transferred to a tertiary care institution and 25 were discharged due to improvement; none died. None of the three children had a diagnosis of MIS-C in their records.
In the report by Kapoor et al. [22], the median age of 5.5 years was reported among 56 children with MIS-C, with a male predominance (68.5%), cardiac abnormalities in 85%, neurological involvement in 74%, and thrombocytopenia in 74%. The median hospital stay was 7 days. Among the children who met the definition of post-COVID-19 MIS-C treated at the GGH, the ages were 0.25, 7, and 12 years, two females and one male, with no cardiac or neurological involvement. The hospital stays ranged from 8 to 15 days. None died.

4. CONCLUSION

The MIS-C incidence at GGH, 11.53%, is much higher than that reported elsewhere in the world. As this is a new entity, first reported in 2020, it is possible that many children with COVID-19 have developed it, but a review of their medical records is essential to verify that they meet CDC criteria.


DEfinitions, Acronyms, Abbreviations

CDC Centers of Disease Control and Prevention
GGH General Guanajuato Hospital
IPHGS Institute of Public Health from Guanajuato State
MIS Multisystem Inflammatory Syndrome
MIS-A Multisystem Inflammatory Syndrome in Adults
MIS-C Multisystem Inflammatory Syndrome in Children
PCR Polymerase Chain Reaction
WHO World Health Organization
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