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Abstract

Background: Although COVID-19 (coronavirus disease 2019) in children is usually mild, they need hospitalization and intensive care
in exceptional cases. Adverse outcomes have been observed mainly among children with comorbidities, justifying their vaccination.
This study aimed to assess the risk of hospitalization and death in Mexican children and adolescents with COVID-19 and comor-
bidities. Methods: A cross-sectional study was performed on 366,542 confirmed COVID-19 cases under 18 years, reported by the
Mexican Ministry of Health up to July 9, 2022. Logistic regression models were performed. Results: The mean age was 10.98 years,
50.6% were male, and 73% reported at least one comorbidity. The percentage of hospitalization and death in COVID-19 patients
with and without comorbidities was 3.52%, and 0.20%, respectively; children with comorbidities presented a higher percentage of
hospitalization (14.0%) and death (1.9%). The probability of hospitalization was 5.6 times greater in pediatric patients with COVID-19
and comorbidities, and the comorbidities that showed the greatest risk were immunosuppression (odds ratio (OR) 22.06), chronic
kidney disease (CKD) (11.36), and cardiovascular diseases (5.66). The probability of death in patients with comorbidities was 11.01
times higher than in those without diseases, and the highest risk was observed in those with CKD (OR 12.57), cardiovascular di-
seases (6.87), and diabetes (5.83). Conclusions: Pediatric patients with comorbidities presented a higher risk of severe COVID-19.
It is suggested that vaccination should be promoted with greater emphasis on pediatric patients with comorbidities.
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Riesgo incrementado de hospitalizacion y muerte en nifos y adolescentes mexicanos
con COVID-19 y comorbilidad

Resumen

Introduccion: Aunque COVID-19 (enfermedad por coronavirus 2019) en nifios es usualmente leve, en casos excepcionales
requieren hospitalizacion y cuidados intensivos. Los resultados adversos han sido observados principalmente en los nifios
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con comorbilidades, justificando su vacunacion. El objetivo de este estudio fue evaluar el riesgo de hospitalizacion y muer-
te en nifios y adolescentes mexicanos con COVID-19 y comorbilidades. Métodos: Estudio transversal en 366,542 casos
de COVID-19 confirmados, menores de 18 afios y reportados por la Secretaria de Salud de México, hasta el 9 de julio del
2022. Se ejecutaron modelos multivariados de regresion logistica. Resultados: E/ promedio de edad fue de 10.98 afios,
50.6% de sexo masculino, y 7.3% reportaron al menos una comorbilidad. EI porcentaje de hospitalizacion y muerte en
pacientes con COVID-19 sin comorbilidades fue 3.52% y 0.20%, respectivamente; mientras que los pacientes con comor-
bilidades presentaron mds elevados porcentajes de hospitalizacion (14.0%) y muerte (1.9%). La probabilidad de hospitali-
zacion fue 5.6 veces mas en los pacientes con COVID-19 y comorbilidades, comparando con aquellos sin comorbilidades.
Las comorbilidades que mostraron mds riesgo fueron inmunosupresion (razén de momios (RM) 22.06), enfermedad renal
crénica (ERC) (RM 11.36) y enfermedades cardiovasculares (RM 5.66). La probabilidad de muerte en los pacientes con
comorbilidades fue 11.01 veces mads que en aquellos sin enfermedades, y fue mds elevado en aquellos con ERC (RM
12.57), enfermedades cardiovasculares (RM 6.87) y diabetes (RM 5.83). Conclusiones: Los pacientes pedidtricos con
comorbilidades presentaron mayor riesgo de COVID-19 severo, por lo que se sugiere promover con mayor énfasis la va-

cunacion en ellos.

Palabras clave: COVID-19. SARS-CoV-2. Comorbilidad. Pedidtricos. Hospitalizacion. Muerte.

Introduction

Although children and adolescents have a lower risk
of infection and severity of coronavirus disease 2019
(COVID-19) compared to adults, in the presence of
comorbidities, the risk of developing more severe forms
of this disease is higher'. Studies have shown that
some underlying medical conditions such as asthma,
immunosuppression, Type 1 diabetes, obesity, cardio-
vascular disease, congenital circulatory anomalies, neu-
rodevelopmental disorders, anxiety or fear-related
disorders, and depressive disorders have been related
to an increased rate of fatal health outcomes??.

Some studies have reported a low incidence of
COVID-19 in children and adolescents around the
world: from the total cases of COVID-19, the World
Health Organization estimated that 8.5% were children
aged under 18 years*, UNICEF reported that 21% of
cases occurred in individuals under 20 years®, and a
Mexican nationwide study reported that 2% were cases
under 15 years®.

In Europe, half of the children and adolescents with
antibodies against SARS-CoV-2 have experienced
symptoms; other studies in Latin America reported
that most cases of young people were asymptomatic’.
Hospitalization due to severe COVID-19 disease in
children is rare, and the respiratory symptoms of
these inpatients are more apparent than in infected
children in the community. Fatality cases in hospital-
ized children are relatively low at 1%, compared to
27% across all other age groups®. Another study
reported that < 5% of affected individuals are known
to be children and <1% of those required ventilatory
support?®.

Scientific evidence has shown that most children with
SARS-CoV-2 infection have been asymptomatic or had
mild COVID-19 symptoms, and few children are at risk
of severe COVID-19; however, some children with comor-
bidities have had a severe iliness and have shown a
higher risk of death'. Although COVID-19 in children is
usually mild, in exceptional cases, they can become seri-
ously ill and need hospitalization and intensive care. One
adverse outcome has been termed multisystem inflam-
matory syndrome in children (MIS-C), characterized by
fever, severe inflammation, and multisystem disorders,
causing approximately 1-2% of overall mortality™. These
adverse outcomes have been observed mainly among
children with comorbidities. This study aimed to assess
the risk of hospitalization and death in children and ado-
lescents with COVID-19 and comorbidities living in
Mexico.

Methods

Databases and data extraction

This is a cross-sectional study carried out from the
laboratory-confirmed COVID-19 cases reported by
the Federal Ministry of Health in Mexico (MoH) through
the anonymized and open-access COVID-19 database
published by the Epidemiological Surveillance System
for Viral Respiratory Diseases'?.

As of July 9, 2022, the MoH database registered
370,947 laboratory-confirmed cases of COVID-19 in
people under 18 years of age, 4405 records with miss-
ing or unknown comorbidity or condition were excluded
from the study. The following variables were extracted
and assessed: sociodemographics, modifiable risk
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factors, and other health conditions such as smoking
and obesity, and diagnosis of non-communicable dis-
eases (NCD): asthma, cardiovascular disease, chronic
kidney disease (CKD), diabetes Type 1 and 2, hyper-
tension, and immunosuppression. The main outcomes
considered were the type of health care received (out-
patient care vs. hospitalization) and death. The descrip-
tors in the database did not define the classification
method for comorbidities. The information was obtained
through a dichotomous questionnaire that the pollster
filled out with the information provided by the patient.
Finally, the death variable was analyzed using the date
of death.

This study did not require ethical review since it is
based on open, anonymized data from the Mexican
MoH. The database can be consulted at the following
link: https://datos.gob.mx/busca/dataset/informacion
-referente-a-casos-covid-19-en-mexico12.

Statistical analysis

Continuous variables were described using mea-
sures of central tendency. Categorical variables were
described as percentages. The prevalence of COVID-
19 cases without and with comorbidities was estimated
from a specific population of interest: COVID-19 cases
without comorbidities (n = 339,780), then multiplied by
100 and divided by the overall population (n = 366,542).
Then, ¥? test was performed to compare the percent-
ages of patients with and without NCDs or modifiable
risk factors between health outcomes of interest: hos-
pitalization or death from COVID-19.

The likelihood of being hospitalized or death was
assessed according to NCDs and to modifiable risk
factors, estimating odds ratios (ORs) with 95% confi-
dence intervals and their corresponding p values, using
a multivariate logistic regression model adjusted by
age, sex, and for each one of the comorbidities and risk
factors analyzed. All statistical analysis was performed
using Stata SE version 15.0 software (Stata Corporation,
College Station, TX, USA).

Results

From the total 6,303,932 COVID-19 cases accumu-
lated until July 9, 2022, the percentage of pediatric
cases under 18 years was 6% (n = 366,542 analyzed
in this study) and the average age was 10.98 years.
Table 1 shows the general characteristics of Mexican
children with COVID-19. From the total number of cases
analyzed, the average age was 10.98 years, and

50.66% of the cases were males and most cases
(54.57%) were reported by the MoH providers caring
for the uninsured, followed by providers of the Mexican
Institute of Social Security (IMSS, for its Spanish acro-
nym) caring for social security beneficiaries (36.33%)
(Table 1).

Table 2 shows that of the total studied population
(n = 366,542), most cases had COVID-19 diagnosis
only (92.70%), and 7.30% reported at least one comor-
bidity or risk factor. Regarding cases without comorbid-
ities (n = 339,780), most were treated as ambulatory
patients (96.50%), only 3.52% were hospitalized, and
0.20% died; in contrast, from the total cases with at
least one comorbidity (n = 26,762), 86.0% were ambu-
latory patients, 14.03% were hospitalized, and 1.90%
died. Regardless of the presence of comorbidities, the
crude percentage of hospitalization was 4.29% (15,729
hospitalized/366,542 infected), and the percentage of
death was 0.32% (1,191 deaths/366,542 infected).

Table 2 also shows the percentage of pediatric
COVID-19 cases with comorbidities and risk factors
across health-care services and the percentage of
comorbidities by age groups. From the total cases with
at least one comorbidity, the most frequent NCD was
asthma (34.0%), followed by immunosuppression
(6.48%), diabetes (5.15%), cardiovascular disease
(4.83%), hypertension (4.01%), CKD (2.45%), and the
most frequent modifiable risk factor was obesity
(32.84%). Regarding specific comorbidity and health-
care services used, COVID-19 cases with asthma, dia-
betes, cardiovascular diseases, hypertension, and
obesity were significantly more treated as ambulatory
cases than hospitalized (p < 0.013, in all cases); a sig-
nificantly higher percentage of cases with immunosup-
pression were hospitalized (57.29%) compared with
those treated as ambulatory patients (42.71%)
(p = 0.000). Furthermore, CKD was the comorbidity
with a higher percentage of death (7.61%), followed by
cardiovascular disease (6.80%) and immunosuppres-
sion (6.63%). When comparing the percentage of death
versus hospitalization by comorbidity, all comorbidities
showed significantly higher percentages of hospitaliza-
tion than death (p = 0.000).

Concerning the age groups, from the total study pop-
ulation, the group between 12 and 17 years old showed
the highest percentage of COVID-19 (54.23%), and
cases <5 years presented a higher proportion of hos-
pitalization (14.57%) and death (1.19%) than other age
groups (Table 2).

Table 3 shows the likelihood of hospitalization or
dying among pediatric patients with comorbidities or
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Table 1. General characteristics of children and adolescents with COVID-19 in Mexico (July 9, 2022)

Total study population 366,542 100

Gender
Female 180,868 49.34
Male 185,674 50.66

Health services providers
Ministry of Health 200,031 54.57
Mexican Institute of Social Security, IMSS (for its Spanish acronym) 133,174 36.33
Private healthcare services 19,378 5.29
Institute for Social Security and Services for State Workers, ISSSTE (for its Spanish acronym) 5,087 1.39
Healthcare services for state employees 4,064 1.1
IMSS-Bienestar 1,852 0.51
Mexican Petroleum Company, PEMEX (for its Spanish acronym) 1,276 0.35
Ministry of the Navy, SEMAR (for its Spanish acronym) 482 0.13
Ministry of Defense, SEDENA (for its Spanish acronym) 462 0.13
Municipal government services 429 0.12
National System for the Integral Development of the Family, DIF (for its Spanish acronym) 138 0.04
University healthcare services 105 0.03
Red Cross 44 0.01
Not specified 20 0.01

risk factors compared to those without comorbidities.
Pediatric patients with COVID-19 and NCD comorbidi-
ties had 5.65 times greater risk of hospitalization than
those without any NCD diagnosis or no risk factors.
Immunosuppression is the NCD that poses the greatest
hospitalization risk (OR 22.06), followed by CKD (OR
11.36), cardiovascular disease (OR 5.66), and diabetes
(OR 4.51). Patients with obesity also had a greater risk
of hospitalization of 2.15. Regarding mortality risk, pedi-
atric patients with NCDs and modifiable risk factors
presented 11.01 times higher likelihood of death than
those without comorbidities. The highest risk was
observed in the case of CKD (OR 12.57), followed by
cardiovascular disease (OR 6.87) and diabetes (OR
5.83), while asthma was found to be a significant pro-
tective factor against death (OR 0.50). Further, consid-
ering the odds of hospitalization and death by age
groups: COVID-19 cases lower than 5 years old showed
significantly higher probabilities of hospitalization (OR
5.45) or death (OR 7.63) than those between 5 and
11 years old. However, the age group between 12 and
17 years old showed a significantly lower probability of
hospitalization (OR 0.66) and slightly and non-signifi-
cant higher odds of death than cases between 5 and
11 years (1.10; p = 0.271).

Table 4 shows the odds of hospitalization in COVID-
19 patients with comorbidities or modifiable risk factors
by age group. In the group of patients under 5 years
old, those with underlying comorbidity had an overall
4.59 times likelihood of hospitalization greater than

those without comorbidities, and considering the odds
by each comorbidity, the highest risk for hospitalization
was observed for immunosuppression (OR 13.41) and
cardiovascular disease (OR 6.52); patients between 5
and 11 years had an overall risk of hospitalization of
6.52 higher than those without comorbidities, and the
highest risk of hospitalization was observed in patients
with immunosuppression (OR 27.03) and CKD (OR 6.12);
in the age group between 12 and 17 years, the overall
likelihood of hospitalization was 5.70 times greater than
in patients without comorbidities, and the highest risk
was in immunosuppression (OR 28.27), CKD (OR
16.90), and diabetes (OR 6.71) (Table 4).

Table 5 shows the odds of death in patients with
COVID-19 and comorbidities or risk factors by age
group. Patients under 5 years had 7.79 times higher
overall likelihood of death than those without comorbid-
ities, and this likelihood was higher for cardiovascular
diseases (OR 7.09) and CKD (OR 6.75); the group
aged between 5 and 11 years had an overall higher
risk of death of 14.50-fold risk of death than children
without comorbidities, as well children with immuno-
suppression and CKD had 6.69 and 6.00 times, respec-
tively, higher risk of death; finally, in the group of
children between 12 and 17 years their overall risk of
death was 11.36 times greater than in those without
comorbidities, and the highest risk was observed in
CKD (OR 19.57) and immunosuppression (OR 11.42)
(Table 5).
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Table 3. Adjusted odds ratios of hospitalization and death in pediatric patients with COVID-19

Comorbidity/health condition Risk of hospitalization “

At least one comorbidity/risk factor®

Comorbidities*

Adjusted odds ratio 95% ClI m Adjusted odds ratio 95% CI m
5.65

5.42-5.89

0.000 11.01 980-12.37 0.000

Immunosuppression 22.06 19.692-24.72 0.000 5.78 4.54-7.36 0.000
CKD 11.36 9.29-13.88 0.000 12.57 8.69-18.18 0.000
Cardiovascular disease 5.66 4.90-6.55 0.000 6.87 5.23-9.03 0.000
Diabetes 451 3.82-5.33 0.000 5.83 4.05-8.40 0.000
Asthma 1.30 1.17-1.45 0.000 0.50 0.29-0.85 0.010
Hypertension 1.06 0.85-1.32 0.583 1.80 1.19-2.74 0.006
Risk factors*
Obesity 2.15 1.95-2.36 0.000 3.17 2.46-4.07 0.000
Age groups
< 5 years** 5.45 5.23-5.69 0.000 7.63 6.49-8.98 0.000
5-11 years (Reference group) 1 - - 1 - -
12-17 years** 0.66 0.63-0.69 0.000 1.10 0.93-1.31 0.271

*0dds ratio in COVID-19 patients with at least one comorbidity or by each comorbidity/risk factor were compared to COVID-19 patients without comorbidities, and adjusted

by sex and age.

**Q0dds ratio in COVID-19 patients of age group < 5 years and age group between 12 and 17 years were compared to patients of age group between 5 and 11 years old.
0dds ratio were adjusted by sex and comorbidities. CKD: chronic kidney disease, Cl: confidence interval.

Discussion

This study highlights that the percentage of total
accumulated COVID-19 cases under 18 years old was
6%. From the total of this population, more than seven
of each hundred cases also reported at least one
comorbidity and presented a risk of hospitalization
and death close to six-fold and over 11-fold, respec-
tively, compared with cases without comorbidities.
Immunosuppression, CKD, cardiovascular diseases,
and diabetes were comorbidities that significantly
increased the risk of hospitalization and death, and
obesity was a modifiable risk factor that also increased
the risk of severity of COVID-19. Moreover, considering
the odds of hospitalization and death by age groups
(Tables 4 and 5, respectively), the COVID-19 cases
between 5 and 11 years old that reported at least one
comorbidity showed the greatest risk of both outcomes
of interest.

The Mexican pediatric population studied here
showed a lower percentage of COVID-19 than other
pediatric populations worldwide. The WHO data sug-
gests that children under 18 years old represent 8.5%
of the total COVID-19 cases in the world*, UNICEF by
July 2022 showed that from a total of confirmed cases
of COVID-19 reported by 102 countries, 21% happened
in patients under 20 years old®. In contrast, our pediat-
ric population showed higher percentages of COVID-19
than other countries: in China, the percentage of

laboratory-confirmed cases among children under
19 years of age was of 2%'%; in England, between
January to May 2020, pediatric cases under 16 years
old were 4%'%; in Italy, by March 2020, only 1% were
children under 18 years of age'. Another Mexican
nationwide study, updated in October 2020, also stud-
ied the pediatric population under 15 years old inde-
pendently of comorbidities. This study showed a lower
prevalence of COVID-19 (2%) but a higher prevalence
of hospitalization and death (13.5% and 1.4%,
respectively)®.

Other countries have reported higher percentages of
COVID-19 than our pediatric population: in Canada, by
July 2022, among the population of children between
0 and 11 years old, the percentage of them with COVID-
19 was 10.5%, and among those between 12 and
19 years was of 8.4%'¢; in the United States, between
March 2020 and June 2022, among the population
under 18 years old, the percentage with COVID-19 was
of 15.5%'7; further, from March to December 2020, from
a total of laboratory-confirmed cases of COVID-19
among population between 0 and 24 years old: 57.4%
of cases occurred in young adults aged from 18 to
24 years old, 7.4% in preschoolers (0-4 years), 10.9%
in elementary school (5-10 years), 7.9% in middle
school (11-13 years), and 16.4% in high school
(14-17 years)'s.

Regarding severity and fatality health outcomes
related to COVID-19 among children and adolescents,
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our findings are similar to other worldwide reports. By
July 2022, UNICEF reported that, of the total deaths in
90 countries, 0.40% were in children and adolescents
under 20 years®. In the United States, by December
2020, from a total of pediatric COVID-19 cases, 11.7%
were hospitalized, and 3.6% presented severe illness’.
In the international network cohort using European pri-
mary care records (France, Germany, and Spain),
South Korean and US claims, and hospital databases
between January and June 2020 among children and
adolescents under 18 years old: from the total diag-
nosed cases, 4% were hospitalized™. In a US cohort
of pediatric patients under 19 years old, 11.7% were
hospitalized for COVID-19, and 31.1% experienced
severe COVID-19, showing that patients with one or
more chronic conditions presented 3.27 times higher
risk of severe COVID-19 than those with none'. In a
Mexican report from February 2020 to March 2021, the
proportion of case fatality was below 0.3% in the pop-
ulation between 1 and 20 years old and 2.2% in infants
under 1-year old'™. Moreover, our results are inconsis-
tent with what is reported in the scientific literature
regarding the fact that the age group from 5 to 11 years
old showed the highest probabilities of hospitalization
and death than those cases under 5 years or those
between 12 and 17 years old.

Regarding the comorbidities that most raised the risk
of severity by COVID-19 among our Mexican pediatric
population: asthma was the most prevalent comorbidity
(84%); although immunosuppression was only prevalent
in 6.48% of COVID-19 cases, this disease increased the
risk of hospitalization by 22.06 times, and death by
5.78 times, compared to COVID-19 pediatric cases with-
out comorbidities; the second most prevalent disease
was obesity (32.84%), which increased the risk of hos-
pitalization by 2.15 times, and death by 3.17 times;
moreover, our findings also highlight that after immuno-
suppression: CKD, cardiovascular disease, and diabe-
tes were the diseases that most increased the risk of
hospitalization and death. These results are partially con-
sistent with a cross-sectional study done in more than
900 US hospitals that included patients with COVID-19
aged 18 years or younger: 28.7% had underlying medical
conditions, asthma being the most common (10.2%),
neurodevelopmental disorders (3.9%), anxiety or fear-re-
lated disorders (3.2%), depressive disorders (2.8%), and
obesity (2.5%). The main risk factors associated with
hospitalization were type 1 diabetes (adjusted risk ratio
(aRR) of 4.60) and obesity (aRR of 3.07); further, the risk
factors for severe COVID-19 were type 1 diabetes (aRR,
2.38) and cardiac and circulatory congenital anomalies

(aRR, 1.72)%. In a Mexican study with 1443 pediatric
patients under 19 years old, 3.3% were admitted to the
intensive care unit, 1.8% required assisted mechanical
ventilation, and mortality was of 1.9%, where the main
risk factors for mortality were pneumonia (OR of 6.45),
intubation (OR of 8.75), immunosuppression (OR of 3.66),
and cardiovascular disease (OR of 3.1)2.

In this study, asthma was the most frequent comor-
bidity, significantly increasing the risk of hospitalization
(OR 1.30; 95% confidence interval [Cl] 1.17-1.45;
p = 0.000), but in contrast, this comorbidity was related
with a significant reduction in the risk of death (OR 0.50;
95%Cl 0.29-0.85; p = 0.010). There is concern that
asthma is a risk factor for developing severe COVID-19
and increases the risk of death in the pediatric popula-
tion; however, some systematic reviews and meta-anal-
yses have shown that asthma is not an independent
factor that significantly increases the risk of hospitaliza-
tion, care unit admission, or death in children and adult
population®®2'. In contrast, other studies have shown
that asthma could be a non-statistically significant pro-
tective factor in preventing severe COVID-19. This may
be explained by the fact that people with asthma
receive treatments that favor low production of IFN-c,
thus having a protective role of eosinophils in the air-
way as well as the immunomodulatory properties of
inhaled steroids?? and montelukast?®.

Compared with adults, the proportion of COVID-
19 cases in the pediatric population has been lower,
which could be explained by significant differences in
the immune system. Children have a robust innate
immune response, being the first-line defense against
SARS-CoV-2, with more natural killer cells (NKC). In
addition, children have ‘trained immunity, which
involves epigenetic reprogramming of innate immune
cells, including NKCs, following exposure to certain
stimuli, including infections and vaccines, leading to
‘memory’?425, Children also have a higher proportion of
lymphocytes and absolute numbers of T and B cells®.
Another proposed immunological explanation is that
children are less capable of mounting the pro-inflam-
matory cytokine storm, which plays an important
role in the pathogenesis of severe COVID-19 and is
responsible for multiorgan failure in critically ill
patients?62°, In contrast to this theory, other studies
have highlighted that hospitalized children with COVID-
19 have higher serum levels of IL-17A and IFN-y but not
TNF-a or IL-6; therefore, children are not less prone
than adults to develop a cytokine storm and ARDS?S,

The transmission of SARS-CoV-2 among children is
a major concern. However, early studies suggest that
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children, due to their milder symptoms, do not contribute
much to the spread of SARS-CoV-2 since the risk of
transmission from an asymptomatic individual with
SARS-CoV-2 infection is less than the risk from a symp-
tomatic individual®®. In Norway, a prospective study
showed a minimal transmission of SARS-CoV-2 among
children and adults, finding a percentage of transmis-
sion of SARS-CoV-2 child-to-child of 0.9% and child-to-
adult of 1.7%, supporting that people under 14 years of
age are not the main carriers of SARS-CoV-2 transmis-
sion®'. In this regard, a different expression of angioten-
sin-converting enzyme 2 (ACE2) receptor in children
and adults has been proposed as a factor implicated in
the reduced transmission and morbidity of SARS-CoV-2
observed at young ages. Furthermore, children have
fewer ACE2 receptors in the respiratory tract than
adults®, and these are only in the upper respiratory
tract; this could explain why young children are less
susceptible to SARS-CoV-2 infection®® and why they
present less severe disease than adults®.

Although the proportion of COVID-19 cases in pedi-
atrics is lower than in adults, some infected children
can also develop serious complications, such as MIS-
C, which cause inflammation of the heart, lungs, kid-
neys, brain, skin, eyes, or gastrointestinal organs®®.
Thus, the vaccination of children is also justified as a
strategy to reach herd immunity®® and to avoid severe
COVID-19. However, although Mexico's MoH has
announced the vaccination against SARS-CoV-2 in
children and adolescents, the Mexican National Health
and Nutrition Survey for COVID-19 showed that the
refusal and hesitancy to vaccinate against COVID-19
had been related to age, being more elevated among
people of 60 and older (34.4% and 11.7%, respectively).
However, these percentages had also been elevated
among adolescents between 10 and 19 years (28.2%
and 6.7%, respectively)®”. The threshold of 65-70% of
the population with flock immunity is the prerequisite to
ending this pandemic, either through vaccinations or
natural infection; however, widely circulating virus vari-
ants and vaccination indecision make this threshold
challenging to reach. In addition, novel variants with
increased transmissibility and enhanced immune eva-
sion changed the herd-immunity calculation. From an
epidemiological perspective, unvaccinated children
could become the virus shelter when adults achieve
immune protection, given that most COVID-19 cases in
children are mild and asymptomatic®6-38.

The most important limitation of this study is that
comorbidities collected in the Mexican COVID-19 sur-
veillance system were also frequent diseases of the

adult population, and specific health conditions in
pediatric COVID-19 cases were probably underre-
ported. In addition, the prevalence of confirmed COVID-
19 cases found in this study could be underestimated
since the pediatric population tends to be asymptomatic
or shows mild symptoms of the disease®*. On the other
hand, Mexico has performed few tests to detect SARS-
CoV-2: in May 2020, the Organization for Economic
Cooperation and Development reported that Mexico
only executed 0.6 tests per thousand inhabitants, while
other countries performed a greater number of tests,
such as Iceland (146.6), Luxembourg (75.8), Lithuania
(52.0), Israel (45.4), and Portugal (41.9)%.

In conclusion, although Mexican children and adoles-
cents have presented much lower percentages of
SARS-CoV-2 infection and fatality rates than adults, the
pediatric population with comorbidities has presented
higher percentages of fatality outcomes. Therefore,
children and adolescents with comorbidities should be
vaccinated to avoid risks and to prevent transmission
of SARS-CoV-2 in schools or communities.
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