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Abstract
Introduction:  In  the  paediatric  population,  coronavirus  disease  (COVID-19)  is  usually  asymp-
tomatic or  mild,  but  there  are  also  severe  and  fatal  cases.
Methods:  We  analysed  data  on  COVID-19  cases  from  the  national  and  state-level  databases
of the  Federal  Ministry  of  Health  of  Mexico  and  the  Department  of  Health  of  Mexico  City  to
determine  the  clinical  characteristics  and  risk  factors  for  mortality  in  children.  We  used  Cox
proportional  hazards  regression  analysis  to  calculate  the  risk  of  death.
Results:  The  national  and  Mexico  City  databases  had  recorded  a  total  of  18,465  (2.8%)  and
5,733 (4.2%)  confirmed  cases  of  COVID-19,  respectively,  in  individuals  aged  less  than  18  years
as of  September  2020.  The  median  age  at  diagnosis  was  12  years  (range:  0---17).  The  differences
between cases  in  the  national  vs  Mexico  City  databases  were:  12.5%  vs  8.2%  of  patients  were
hospitalised;  6%  vs  3.5%  had  pneumonia;  2.4%  vs  1.9%  were  admitted  to  the  intensive  care
unit (ICU),  and  1.3%  vs  0.7%  died.  The  independent  risk  factors  significantly  associated  with
a higher  probability  of  death  were  pneumonia,  hypertension,  obesity,  immunosuppression  and
intubation.
Conclusion:  In  Mexico,  2.8%  of  all  confirmed  cases  of  COVID-19  occurred  in  individuals  under
18 years,  with  a  median  age  of  12  years  and  a  mortality  of  1.3%.  The  identified  predictors  of
mortality were  pneumonia,  admission  to  the  ICU,  obesity,  hypertension,  immunosuppression,

diabetes,  chronic  lung  disease  and  renal  disease.
© 2022  Published  by  Elsevier  España,  S.L.U.  on  behalf  of  Asociación  Española  de  Pediatŕıa.
This is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
� Please cite this article as: Wong-Chew RM, Noyola DE, Villa AR. Características clínicas y factores de riesgo de mortalidad en menores
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Características  clínicas  y  factores  de  riesgo  de  mortalidad  en  menores  de  18  años  con
COVID-19  en  México  y Ciudad  de  México

Resumen
Introducción:  En  la  población  pediátrica,  el  COVID-19  suele  ser  asintomático  o  leve,  pero  puede
haber casos  graves  y  mortales.
Métodos:  Se  analizaron  datos  de  los  casos  de  COVID-19  registrados  en  las  bases  de  datos  nacional
y regional  de  la  Secretaría  de  Salud  Federal  de  México  y  la  Secretaría  de  Salud  de  Ciudad  de
México para  establecer  las  características  clínicas  y  los  factores  de  riesgo  de  mortalidad  en  la
población pediátrica.  El  riesgo  de  defunción  se  calculó  mediante  el  método  de  regresión  de
riesgos proporcionales  de  Cox.
Resultados:  Las  bases  de  datos  nacional  y  de  Ciudad  de  México,  respectivamente,  registraban
un total  de  18.465  (2,8%)  y  de  5.733  (4,2%)  de  casos  confirmados  de  COVID-19  en  menores
de 18  años  en  septiembre  de  2020.  La  edad  mediana  al  diagnóstico  fue  de  12  años  (rango:
0-17). Las  diferencias  encontradas  en  los  casos  registrados  a  nivel  nacional  en  comparación
con los  registrados  en  la  Ciudad  de  México  fueron:  12,5  vs.  8,2%  de  pacientes  hospitalizados;
6 vs.  3,5%  con  diagnóstico  de  neumonía;  2,4  vs.  1,9%  ingresados  en  la  unidad  de  cuidados
intensivos (UCI)  y  1,3  vs.  0,7%  fallecidos.  Los  factores  de  riesgo  independientes  asociados  a
una probabilidad  mayor  de  defunción  fueron  el  diagnóstico  de  neumonía,  la  hipertensión,  la
obesidad, la  inmunosupresión  y  la  intubación.
Conclusiones:  En  México,  el  2,8%  del  total  de  casos  confirmados  COVID-19  se  dan  en  pacientes
menores de  18  años,  con  una  mediana  de  edad  de  12  años  y  una  mortalidad  del  1,3%.  Los
factores de  riesgo  de  mortalidad  identificados  fueron  el  diagnóstico  de  neumonía,  el  ingreso  en
la UCI,  la  obesidad,  la  hipertensión,  la  inmunosupresión,  la  diabetes,  la  enfermedad  pulmonar
crónica y  la  enfermedad  renal.
© 2022  Publicado  por  Elsevier  España,  S.L.U.  en  nombre  de  Asociación  Española  de  Pediatŕıa.
Este es  un  art́ıculo  Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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ntroduction

ince  the  first  cases  of  coronavirus  disease  2019  (COVID-19)
ere  notified  in  China  in  the  early  months  of  2020,  adults
ere  reported  to  be  most  affected,  with  98%  of  the  cases
etected  in  patients  aged  more  than  20  years  and  only  2%  in
inors  under  19  years.1,2 One  of  the  first  paediatric  case

eries  of  infection  by  severe  acute  respiratory  syndrome
oronavirus  2  (SARS-CoV-2)  in  China  described  cases  in  341
hildren.  The  median  age  was  7  years  (4-14)  and  66%  had
een  infected  by  a  family  member  with  COVID-19,  with  a
edian  incubation  period  of  9  days;  99.3%  had  mild  to  mod-

rate  disease,  and  only  0.6%  and  0.3%  developed  severe
r  critical  disease,  respectively.  The  presenting  symptoms
ere  fever  (77.9%),  cough  (32.4%)  and,  less  frequently,
iarrhoea  (4.4%),  nausea  and  vomiting  (2.9%),  abnormal
ear  production  (4.4%)  and  nasal  discharge,  sore  throat,
izziness,  headache,  myalgia  and  fatigue  (2.2%).  Overall,
utcomes  were  favourable,  with  improvement  in  16  days
nd  no  deaths.3 As  the  pandemic  started  to  spread  to  other
ountries  and  continents,  the  number  of  reported  cases  in
hildren  grew,  including  some  of  severe  disease  and  with
atal  outcomes.  A  case  series  in  France  that  included  27

hildren  with  COVID-19  described  respiratory  involvement
n  89%,  mechanical  ventilation  in  9,  administration  of  cat-
cholamines  in  4,  erithropheresis  in  4,  renal  replacement
herapy  in  1,  and  extracorporeal  membrane  oxygenation  in

t
o
M
H

12
.  Five  children  died,  including  3  with  no  comorbidity.  These
eports  highlight  the  broad  clinical  spectrum  of  COVID-19  in
hildren  and  the  possibility  of  cases  of  severe  disease  and
eath  in  this  population.4

A  systematic  review  of  COVID-19  in  children  that  included
arge  case  series  from  China,  Italy,  Spain,  and  the  United
tates  in  addition  to  small  case  series  and  case  reports  found
hat  children  constitute  a  minority  (<  2%)  of  the  patients
ith  symptomatic  COVID-19  and  amount  to  5%  to  21%  of
ll  asymptomatic  cases,  and  that  a  large  proportion  of  chil-
ren  with  COVID-19  exhibit  symptoms  of  common  viral  upper
espiratory  infections.  The  reported  frequency  of  severe
isease  ranges  from  1%  to  6%,  including  patients  with  mul-
isystem  inflammatory  syndrome  in  children  (MIS-C),  and  a
ow  mortality,  with  most  deaths  occurring  in  children  with
omorbidities.  The  clinical  manifestations  are  very  similar
o  those  of  infection  by  other  viruses,  and  laboratory  testing
s  needed  to  diagnose  SARS-CoV-2  infection.  The  morbidity
nd  mortality  associated  with  SARS-CoV-2  infection  seem  to
e  lower  compared  to  respiratory  syncytial  virus  (RSV)  or
nfluenza.5

The  aim  of  our  study  was  to  analyse  the  clinical  charac-
eristics  and  risk  factors  for  mortality  in  patients  aged  less
han  18  years  with  confirmed  infection  by  SARS-CoV-2  based

n  information  obtained  from  the  databases  of  the  Federal
inistry  of  Health  of  Mexico  and  the  regional  Department  of
ealth  of  Mexico  City.
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ethods

e  conducted  a  study  of  the  data  available  on  the  offi-
ial  open  access  databases  of  the  Mexican  government.  We
etrieved  nationwide  data  on  COVID-19  cases  on  September
2th,  2020  from  the  website  of  the  Federal  Ministry  of  Health
f  Mexico  (https://coronavirus.gob.mx/datos/)  and  local
ata  on  COVID-19  cases  in  Mexico  City  on  September  13th,
020  from  the  website  of  the  local  Department  of  Health
https://covid19.cdmx.gob.mx).  We  applied  the  following
riteria  to  include  cases  from  either  database:  confirmed
ARS-CoV-2  infection,  child  (male  or  female)  aged  less  than
8  years.  We  excluded  duplicate  cases,  records  missing  data
n  mortality,  date  of  onset,  date  of  diagnosis,  date  of  end
f  episode  of  care,  diagnosis  not  confirmed  by  SARS-CoV-2
olymerase  chain  reaction  (PCR)  test.  The  records  obtained
rom  the  2  databases  were  treated  as  2  separate  cohorts
Mexico  [country]  and  Mexico  City).  Death  was  the  terminal
vent  (failure).  We  defined  the  duration  of  follow-up  as  the
ime  (in  days)  elapsed  from  the  onset  of  COVID-19  symptoms
o  failure  (death)  or  censoring  (recovery,  last  medical  visit,
r  end  of  episode  of  care).  In  the  statistical  analysis,  we  gen-
rated  survival  curves  using  the  Kaplan-Meier  method.  The
urvival  curves  were  compared  by  means  of  the  log-rank  and
eneralised  Wilcoxon  tests.  The  risk  of  death  was  estimated
y  means  of  hazard  ratios,  given  by  the  exponent  of  the
oefficients  obtained  in  the  proportional  hazards  regression
nalysis,  both  crude  and  adjusted  for  different  covariates.
-values  were  calculated  with  the  corresponding  95%  confi-
ence  intervals.  We  present  the  most  relevant  predictive
ultivariate  models.  We  used  correlation  matrices  to  assess
ulticollinearity  in  the  variables  included  in  the  model.
e  tested  the  proportional  hazards  assumption  by  means

og---log  plots.  The  statistical  analyses  were  performed  with
he  software  SPSS  for  Windows,  version  26.

esults

rom  the  first  case  reported  in  Mexico  on  February  28th,
020  through  September  13th,  2020,  the  Federal  Ministry
f  Health  of  Mexico  has  reported  658  299  confirmed  cases  in
ndividuals  of  any  age  nationwide,  of  who  18  465  (2.8%)  were
ged  less  than  18  years.  In  the  same  period,  the  Department
f  health  of  Mexico  City  reported  135  742  confirmed  cases
n  individuals  of  any  age  statewide,  of  who  5733  (4.2%)  were
ged  less  than  18  years

At  the  national  level,  older  children  were  most  affected,
ith  5835  cases  (31.6%)  in  the  15-to-17  years  age  group,  3625

19.6  %)  in  the  12-to-14  years  group,  2574  (13.9%)  in  the  9-
o-11  years  group,  1979  (10.7%)  in  the  6-to-8  years  group,
621  (8.8%)  in  the  3-to-5  years  group  and  2831  (15.3%)  in  the
-to-2  years  group.  The  proportion  of  children  with  a  known
istory  of  contact  with  a  COVID-19  case  was  also  higher  in
lder  children,  with  exposure  documented  in  33%  of  patients
n  the  15-to-17  years  group,  23%  in  the  12-to-14  years  group,
5%  in  the  9-to-11  years  group,  12%  in  the  6-to-8  years  group,
%  in  the  3-to-5  years  group  and  10%  in  the  0-to-2  years  group

Fig.  1B).

Some  characteristics  were  similar  in  both  cohorts:  the
edian  age  in  both  was  12  years  (range,  0-17),  49.2%  and

8.9%  of  patients  were  female  and  50.8%  and  51.1%  of
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atients  were  male,  respectively.  On  the  other  hand,  there
ere  also  some  differences  between  the  paediatric  cases

egistered  in  the  2  databases:  at  the  national  level,  12.5%  of
atients  with  confirmed  COVID-19  were  admitted  to  hospi-
al,  compared  to  8.1%  in  Mexico  City,  while  87.5%  of  patients
ationwide  and  91.9%  in  Mexico  City  were  managed  at  the
utpatient  level;  a  higher  proportion  of  patients  had  pneu-
onia  at  the  national  level  (6%  vs  3.5%  in  Mexico  City),  as  was

dmission  to  the  intensive  care  unit  (ICU)  (2.4%  in  Mexico  vs
.9%  in  Mexico  City);  intubation  (1.7%  nationwide  compared
o  1.2%  in  Mexico  City)  and  pregnancy  in  adolescent  female
atients  (1.3%  nationwide  vs  0.5%  in  Mexico  City).  A higher
roportion  of  patients  in  Mexico  City  had  a  history  of  contact
n  infected  person  (69.1%  vs  58.8%  at  the  national  level).

Of  the  cases  reported  by  the  Federal  Ministry  of  Health,
6%  were  in  residents  of  Mexico  City  and  73.8%  in  other
tates  (Table  1).  In  addition,  the  Department  of  Health  of
exico  City  reported  that  13.3%  of  the  cases  were  detected
y  an  influenza  surveillance  unit,  as  well  as  40  deaths  (0.7%),
4  (0.8%)  cases  of  severe  disease,  1515  (26.4%)  cases  fol-
owed  up  at  home,  2231  (38.9%)  patients  whose  symptoms
mproved  and  1517  (26.5%)  that  remained  in  follow-up  while
eceiving  treatment.  The  initial  diagnosis  was  flu-like  syn-
rome  in  5143  patients  (89.7%),  and  only  1205  (21%)  had
een  vaccinated  against  influenza  in  the  past  year;  416
atients  (7.3%)  received  antibiotherapy  and  84  (1.5%)  antivi-
al  treatment  (Table  1).  The  mortality  due  to  COVID-19  in
hildren  under  18  years  was  1.3%  in  all  of  Mexico  and  0.7%
n  Mexico  City  (Table  1).

The  symptoms  associated  with  COVID-19  in  children
ounger  than  18  years  old  documented  in  the  Mexico  City
atabase  were  cough  (53%),  headache  (53%),  fever  (47%),
dynophagia  (33%),  rhinorrhoea  (29%),  myalgia  (28%),  gen-
ral  malaise  (27%),  arthralgias  (23%),  chills  (21%),  irritability
19%),  diarrhoea  (17%),  dyspnoea  (14%),  chest  pain  (12%),
bdominal  pain  (12%),  conjunctivitis  (10%),  vomiting  (7%),
olypnoea  (7%)  and  cyanosis  (3%)  (Fig.  1C).

Some  of  the  characteristics  of  deceased  patients  were
ifferent  in  Mexico  compared  to  Mexico  City:  median  age  of

 vs  8  years,  53%  vs  67.5%  female,  28.7%  vs  37.5%  admit-
ed  to  the  ICU,  5.3%  vs  7.5%  with  diabetes,  0.4%  vs  2.5%
ith  chronic  pulmonary  disease,  3%  vs  none  with  asthma,
0%  vs  15%  immunosuppressed,  4.1%  vs  7.5%  with  hyper-
ension,  3.7%  vs  none  with  heart  disease,  8.2%  vs  15%
bese,  3.3%  vs  10%  with  chronic  renal  failure,  1.6%  vs  none
hat  smoked,  respectively.  Other  characteristics  of  deceased
hildren  were  similar  in  the  Mexico  and  Mexico  City  cohorts:
ost  were  in  the  0  to  2  years  age  group  (48%  vs  37.5%),
ere  hospitalised  (93%  vs  90%)  and  had  pneumonia  (68.4%
s  67.5%)  and  approximately  half  were  intubated  (50.4%  vs
7.5%).  The  symptoms  and  clinical  characteristics  described
n  deceased  paediatric  patients  in  Mexico  were:  fever  (75%),
ough  (62.5%),  odynophagia  (25%),  dyspnoea  (55%),  irri-
ability  (32.5%),  diarrhoea  (15%),  chest  pain  (25%),  chills
20%),  headache  (40%),  myalgia  (22.5%),  arthralgia  (30%),
alaise  (52.5%),  rhinorrhoea  (27.5%),  polypnoea  (17.5%),

omiting  (7.5%),  abdominal  pain  (17.5%),  conjunctivitis  (5%),
yanosis  (7.5%),  diagnosis  of  flu-like  syndrome  at  the  admis-

ion  (45%),  diagnosis  of  severe  respiratory  tract  infection
55%),  vaccination  against  influenza  in  the  last  year  (5%),
ntibiotic  treatment  (30%)  and  antiviral  treatment  (5%)
Table  2).

1
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Figure  1  Demographic  and  clinical  characteristics.  (A)  Number  of  confirmed  COVID-19  cases  by  age  group.  (B)  Percentage  of
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atients aged  less  than  18  years  in  Mexico  with  a  history  of  c
onfirmed cases,  March-September  2020.

Table  3  presents  the  risk  factors  most  strongly  associ-
ted  with  mortality  in  all  of  Mexico  and  in  Mexico  City  in
he  crude  Cox  regression  analysis.  We  ought  to  mention  that
he  Mexico  City  database  includes  more  variables,  mainly
elated  to  symptoms,  than  the  national  database.  How-
ver,  we  found  a  statistically  significant  association  with

n  increased  risk  of  mortality  for  the  following  variables:
ntubation  (hazard  ratio,  Mexico  [HRM],  68.5;  hazard  ratio,
exico  City  [HRMC],  129.8),  diagnosis  of  pneumonia  (HRM,

w
d
K

12
ct  with  an  infected  individual.  (C)  Clinical  characteristics  of

6.1;  HRMC,  59.0),  admission  to  the  ICU  (HRM,  17.0;  HRMC,
0.7),  chronic  pulmonary  disease  (HRM:  4.7;  HRMC,  43.0),
hronic  renal  disease  (HRM,  6.8;  HRMC, 22.8),  diabetes  (HRM,
.0;  HRMC, 15.6),  obesity  (HRM,  1.9;  HRMC,  4.0),  hyperten-
ion  (HRM,  6.6;  HRMC, 17.1)  and  immunosuppression  (HRM,
.7;  HRMC,  8.1).  Conversely,  age  was  inversely  associated

ith  mortality  (HRM,  0.88;  HRMC, 0.90),  and  the  risk  of  death
ecreased  by  10%  to  12%  with  each  additional  year  of  age.
nown  contact  with  an  infected  person  was  also  associated
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Table  1  Demographic  and  clinical  characteristics  of  confirmed  positive  cases  of  COVID19  in  patients  aged  less  18  years  in  Mexico
and Mexico  City,  March-September  13th,  2020.

Variable  MEXICO  MEXICO  CITY
N =  18  465  N  =  5733
n (%)  n  (%)

Age  (years)  Median  (range)  12  (0-17)  12  (0-17)
Sex Female  9088  (49.2%)  2805  (48.9%)

Male 9377  (50.8%)  2928  (51.1%)
Type of  patient  Hospitalized  2304  (12.5%)  462  (8.1%)

Outpatient  16161  (87.5%)  5271  (91.9%)
State of  origin Mexico  City 4831  (26.2%) ---

Other 13634  (73.8%) ---
State of  care  delivery Mexico  City 5619  (30.4%) ---

Other 12846  (69.6%)  ---
Diagnosis of  pneumonia  Yes  1107  (6.0%)  198  (3.5%)
Admission to  intensive  care  unit  Yes  449  (2.4%)  111  (1.9%)
Intubation Yes  320  (1.7%)  66  (1.2%)
Pregnancy (out  of  9088  and  2805  women)  Yes  115  (1.3%)  14  (0.5%)
History of  contact  with  an  infected  person  Yes  10857  (58.8%)  3959  (69.1%)
Detection by  an  Influenza  monitoring  unit  Yes  ---  763  (13.3%)

No ---  4970  (86.7%)
Outcome Death  244  (1.3%)  40  (0.7%)

Severe ---  54  (0.9%)
In treatment  ---  1517  (26.5%)
Follow-up  at  home  ---  1515  (26.4%)
Improvement  ---  2231  (38.9%)
Other ---  376  (6.6%)

Initial diagnosis  of  flu-like  syndrome  Yes  ---  5143  (89.7%)
Influenza vaccination  in  past  year  Yes  ---  1205  (21.0%)
Antibiotic treatment  Yes  ---  416  (7.3%)
Antiviral treatment  Yes  ---  84  (1.5%)
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- Data not available or not aplicable.

ith  a  lower  risk  for  death  (HRM,  0.14;  HRMC,  0.09).  The
roportion  of  patients  with  a  history  of  exposure  to  SARS-
oV-2  increased  with  age  (data  not  shown).  The  results  for
he  association  between  male  sex  and  mortality  were  at
he  threshold  of  significance  only  in  the  Mexico  City  cohort
HRMC,  1.9,  95%  confidence  interval  [CI],  1.03-3.9;  P =  .04).
accination  against  influenza  in  the  previous  year  (HRMC,
.20)  and  the  months  elapsed  since  the  administration  of
he  influenza  vaccine  (in  the  past  year)  (HRMC,  0.76)  were
lso  associated  with  a  decreased  risk  of  death  in  the  Mexico
ity  cohort.

Table  4  presents  the  results  of  multivariate  models
btained  by  Cox  proportional  hazard  regression  analysis.
hen  it  came  to  the  nationwide  cohort  model,  diagnosis

f  pneumonia  (HRM,  8.6),  hypertension  (HRM,  3.4),  obesity
HRM,  1.7),  immunosuppression  (HRM,  1.4),  and  intubation
HRM,  10.3)  were  independent  predictors  significantly  asso-
iated  with  a  higher  probability  of  death.  On  the  other
and,  in  the  same  cohort,  the  years  of  age  (HRM,  0.97),
istory  of  contact  with  an  infected  individual  (HRM, 0.28),
nd  state  of  origin  (Mexico  City  vs  other)  (HRM,  0.60)  were
ndependent  predictors  significantly  associated  with  a  lower

robability  of  death.  We  also  fitted  2  multivariate  models
or  the  Mexico  City  cohort.  In  both  models,  male  sex  (HRMC,
.3  [model  1]  and  3.4  [model  2]),  diagnosis  of  pneumonia
HRMC,  26.9  [model  1]  and  8.8  [model  2]),  obesity  (HRMC,

m
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12
.5  [model  1]  and  2.7  [model  2])  and  chronic  kidney  disease
HRMC, 7.1  [model  1]  and  2.8  [model  2]),  were  independent
redictors  consistently  associated  with  a  higher  probabil-
ty  of  death.  Age  in  years  (HRMC, 0.96),  admission  to  the
CU  (HRMC, 4.1),  hypertension  (HRMC,  4.1),  diabetes  (HRMC,
.7),  intubation  (HRMC,  20.1),  the  history  of  contact  with
nfected  person  (HRMC, 0.18),  general  malaise  (HRMC,  1.8),
nd  chronic  obstructive  pulmonary  disease  (HRMC, 34.6)
ere  other  independent  predictors  associated  with  a  higher
r  lower  probability  of  death  in  one  of  the  two  models.

iscussion

ne  of  the  epidemiological  characteristics  of  the  COVID-19
andemic  is  the  lower  severity  of  disease  in  children  com-
ared  adults.  Globally,  the  proportion  of  severe  cases  and
eaths  that  are  reported  in  children  is  small  in  compari-
on  to  adults,  particularly  compared  with  those  older  than
0  years  of  age.6 This  contrasts  with  other  viral  respira-
ory  infections,  such  as  influenza  and  RSV  infection,  which
re  associated  with  frequent  hospital  admission  and  a  high

ortality  in  children  worldwide.7,8 This  is  not  to  say  that

hildren  are  free  of  risk  of  severe  SARS-CoV-2  infection.
ultisystemic  inflammatory  syndrome  in  children  (MIS-C)

emporarily  associated  with  SARS-CoV-2  may  be  best-known
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Table  2  Demographic  and  clinical  characteristics  of  the  deceased  children  younger  than  18  years  old  in  confirmed  positive
cases of  COVID19  in  Mexico  and  Mexico  City.  March-September  13th,  2020.

Variable  MEXICO  MEXICO  CITY
N =  244  N  =  40
n (%)  n  (%)

Age  (years)  Median  (range)  3  (0-17)  8  (0-17)
Group of  age  0-2  years  119  (48.8%)  15  (37.5%)

3-5 years  18  (7.4%)  1  (2.5%)
6-8 years  14  (5.7%)  5  (12.5%)
9-11 years  24  (9.8%)  5  (12.5%)
12-14 years 25  (10.2%) 7  (17.5%)
15-17 years 44  (18%) 7  (17.5%)

Sex Female  114  (46.7%) 13  (32.5%)
Male 130  (53.3%)  27  (67.5%)

Type of  patient  Hospitalized  228  (93.4%)  36  (90%)
Outpatient  16  (6.6%)  4  (10%)

State of  origin  Mexico  City  20  (8.2%)  ---
Other  224  (91.8%)  ---

State of  care  delivery  Mexico  City  40  (16.4%)  ---
Other  204  (83.6%)  ---

Diagnosis of  pneumonia  167  (68.4%)  27  (67.5%)
Admission to  intensive  care  unit  70  (28.7%)  15  (37.5%)
Intubation 123  (50.4%)  23  (57.5%)
Diabetes 13  (5.3%)  3  (7.5%)
Chronic pulmonary  disease  1  (0.4%)  1  (2.5%)
Asthma 3  (1.2%)  0
Immunosupression  25  (10.2%)  6  (15%)
Hypertension  10  (4.1%)  3  (7.5%)
Cardiopathy  9  (3.7%)  0
Obesity 20  (8.2%)  6  (15%)
Chronic kidney  failure  8  (3.3%)  4  (10%)
Smoking 4  (1.6%)  0
History of  contact  with  an  infected  individual --- 7  (17.5%)
Fever ---  30  (75%)
Cough --- 25  (62.5%)
Odynophagia --- 10  (25%)
Dyspnoea --- 22  (55%)
Irritability --- 13  (32.5%)
Diarrhoea --- 6  (15%)
Chest pain  ---  10  (25%)
Chills ---  8  (20%)
Headache ---  16  (40%)
Myalgia ---  9  (22.5%)
Arthralgia ---  12  (30%)
Malaise ---  21  (52.5%)
Rhinorrhoea ---  11  (27.5%)
Polypnoea ---  7  (17.5%)
Vomiting ---  3  (7.5%)
Abdominal pain  ---  7  (17.5%)
Conjunctivitis  ---  2  (5%)
Cyanosis ---  3  (7.5%)
Diagnosis of  FLS  at  the  admission  ---  18  (45%)
Diagnosis of  severe  RTI  ---  22  (55%)
Influenza vaccination  in  the  past  year  ---  2  (5%)
Antibiotic treatment  ---  12  (30%)
Antiviral treatment  ---  2  (5%)

FLS, flu-like syndrome; RTI, respiratory tract infection.
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Table  3  Risk  factors  associated  with  the  probability  of  death  in  patients  under  18  years  with  confirmed  COVID  19  in  Mexico
and Mexico  City,  March-September  13th,  2020.  Unadjusted  analysis.

Variable  cHR  95%  CI  P

MEXICO  (N  =  18  465)
Male  sex  1.11  0.86-1.42  .44
Age (years)  0.88  0.87-0.90  <  .0001
Admission to  intensive  care  unit  17.0  12.8-22.4  <  .0001
Intubation 68.5  53.2-88.0  <  .0001
Pneumonia 36.1  27.6-47.3  <  .0001
Diabetes 8.0  4.6-13.9  <  .0001
Chronic obstructive  pulmonary  disease 4.7  0.7-33.3  .12
Immunosuppression  5.7  3.8-8.7  <  .0001
Hypertension  6.6  3.5-12.5  <  .0001
Obesity 1.9  1.2-3.1  .004
Chronic kidney  disease  6.8  3.4-13.8  <  .0001
Contact with  positive  case  0.14  0.10-0.19  <  .0001
State of  origin  (Mexico  City  vs  other)  0.25  0.16-0.40  <  .0001
State of  care  delivery  (Mexico  City  vs  other)  0.45  0.32-0.63  <  .0001
MEXICO CITY  (N  =  5733)
Male  sex  1.9  1.03-3.9  .04
Age (years)  0.90  0.85-0.95  <  .0001
Admission to  intensive  care  unit  30.7  16.2-58.2  <  .0001
Intubation 129.8  69.3-243.0  <  .0001
Pneumonia 59.0  30.4-114.4  <  .0001
Fever 3.3  1.6-6.7  .001
Dyspnoea 7.7  4.1-14.3  <  .0001
Irritability 2.04  1.05-4.0  .04
Chest pain  2.4  1.2-4.9  .02
Headache 0.58  0.31-1.09  .09
Malaise 2.9  1.6-5.4  .001
Polypnoea 2.9  1.3-6.6  .01
Cyanosis 2.8  0.86-9.0  .09
Sudden onset 2.5  1.3-4.6  .005
Diabetes 15.6  4.8-50.6  <  .0001
Chronic obstructive  pulmonary  disease 43.0  5.9-314.2  <  .0001
Immunosuppression  8.1  3.4-19.4  <  .0001
Hypertension  17.1  5.3-55.5  <  .0001
Obesity 4.0  1.7-9.6  .002
Chronic kidney  disease 22.8  8.1-64.1  <  .0001
Antibiotic treatment  5.4  2.7-10.6  <  .0001
Antiviral treatment  3.5  0.9-14.6  .08
Contact with  positive  case  0.09  0.04-0.21  <  .0001
Influenza vaccination  in  the  past  year  0.20  0.05-0.81  .02
Time (months)  from  influenza  vaccination  0.76  0.59-0.97  .03
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CI, confidence interval; cHR, crude hazard ratio.

orm  of  severe  disease  in  the  paediatric  population,9,10

ut  children  may  also  experience  complicated  respiratory
nfections  requiring  mechanical  ventilation  and  admission
o  the  ICU.11 Since  death  is  a  rare  outcome  in  children,
he  evidence  on  the  risk  factors  associated  with  mortality
n  children  is  more  limited  compared  to  adults.12

In  this  study,  we  found  that  2.8%  of  cases  of  COVID-19
ccurred  in  patients  aged  less  than  18  years,  with  a  higher
requency  in  older  children  that  was  consistent  with  the

ncreasing  proportion  of  known  contact  with  a  case  with
ncreasing  age.  The  mortality  was  1.3%,  and  it  is  worth  not-
ng  that  while  older  children  were  more  likely  to  have  the

p
r

12
isease,  almost  half  of  deaths  occurred  in  children  under  2
ears.

In  our  analysis  of  paediatric  COVID-19  cases  reported  in
exico,  we  found  that  younger  age,  male  sex,  certain  under-

ying  conditions  (hypertension,  obesity,  immunosuppression,
hronic  kidney  disease,  diabetes,  and  chronic  pulmonary  dis-
ase)  and  severe  respiratory  illness  (pneumonia,  admission
o  ICU,  need  of  intubation)  were  associated  with  an  increase
The  risk  factors  for  severe  COVID-19  in  paediatric
atients  have  yet  to  be  clearly  established.13 A  recent
eview  summarized  the  published  data  on  the  risk  factors  for
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Table  4  Multivariate  models  to  estimate  the  probability  for  death  in  patients  under  18  years  with  confirmed  COVID  in  Mexico
and in  Mexico  City.  September  13th,  2020.

MEXICO  (N  =  18  465)  Multivariate  model

Variable aHR  95%  CI P

Age  (years)  0.97  0.95-1.0  .02
Pneumonia 8.6  6.1-12.1  <  .0001
Hypertension  3.4  1.8-6.6  <  .0001
Obesity 1.7  1.1-2.8  .02
Immunosuppression  1.4  1.0-2.2  .09
Intubation 10.3  7.5-14.1  <  .0001
Contact with  positive  case 0.28  0.19-0.39  <  .0001
State of  origin  (Mexico  City  vs  other)  0.60  0.38-0.96  .03

MEXICO CITY  (N  =  5733)  Model  1  Model  2

Variable  aHR  95%  CI  P  aHR  95%  CI  P

Male  sex  2.3  1.2-4.5  .02  3.4  1.7-7.0  .001
Age (years)  0.96  0.91-1.01  .10  ---  ---  ---
Admission to  intensive  care  unit  4.1  1.9-8.6  <  .0001  ---  ---  ---
Pneumonia 26.9  12.5-57.9  <  .0001  8.8  3.8-20.6  <  .0001
Hypertension  4.1  0.9-18.0  .07  ---  ---  ---
Diabetes 4.7  1.0-22.1  .05  ---  ---  ---
Obesity 2.5  1.0-6.4  .06  2.7  1.1-6.7  .03
Chronic kidney  disease  7.1  2.3-21.5  .001  2.8  0.9-8.5  .07
Intubation ---  ---  ---  20.1  8.8-46.1  <  .0001
Contact with  positive  case  ---  ---  ---  0.18  0.08-0.42  <  .0001
Malaise ---  ---  ---  1.8  0.94-3.6  .08
Chronic obstructive  pulmonary  disease  ---  ---  ---  34.6  4.3-276.0  .001
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aHR, adjusted hazard ratio; CI, confidence interval.

evere  COVID-19  in  children.12 The  authors  found  that  young
ge  and  underlying  conditions  were  frequently  reported  in
evere  and  fatal  cases,  but  could  not  reach  any  definite
onclusions  regarding  the  role  of  specific  comorbidities,
artly  due  to  the  low  frequency  of  death  in  children.  Most
f  the  underlying  conditions  associated  with  fatal  COVID-
9  in  children  identified  in  our  study  were  well-known  risk
actors  for  severe  respiratory  infection  in  children,14,15 but
here  were  also  others,  such  as  a  history  of  hypertension,
hat  have  emerged  as  significant  risk  factors  in  adults  with
OVID-19  and  had  not  been  previously  associated  with  acute
espiratory  infections  in  children.  It  is  worth  noting  that  the
revalence  of  hypertension  in  the  child  and  adolescent  pop-
lation  has  been  increasing  in  recent  years,  with  a  global
revalence  of  4%  in  individuals  under  19  years.16 Obesity,
nother  condition  whose  prevalence  in  the  paediatric  pop-
lation  is  on  the  rise,  also  emerged  as  a  predictor  of  fatal
utcome.  While  malnutrition  has  long  been  associated  with
evere  respiratory  infection,  obesity  has  also  been  reported
s  a  risk  factor  for  severe  illness  in  patients  with  viral  respi-
atory  infections,  including  COVID-19.17,18 In  Mexico,  obesity
s  a  major  public  health  problem;  with  a  reported  preva-
ence  of  17.5%  in  children  aged  5  to  11  years  and  of  14.6%
n  children  and  adolescents  aged  12  to  19  years  in  2018.19
herefore,  strategies  aimed  at  reducing  the  impact  of  SARS-
oV-2  call  for  a  broad  range  of  intervention,  focusing  not
nly  on  the  acute  effects  of  infection,  but  on  the  overall
ealth  of  the  population.

e
t
b
c

12
Certain  known  risk  factors  for  severity  of  influenza  and
SV  infections,  such  as  congenital  heart  disease  and  preterm
irth,  have  not  been  found  to  be  associated  with  severe
OVID-19  in  children.  A  study  of  the  characteristics  of  77
hildren  with  severe  COVID-19  requiring  hospital  admission
n  New  York  found  a  history  of  preterm  birth  in  9%  and  con-
enital  heart  disease  in  6%11;  the  frequency  of  congenital
eart  disease  was  greater  in  this  group  compared  to  the  gen-
ral  population,  while  the  frequency  of  prematurity  did  not
iffer  from  the  reported  prevalence  in  the  United  States  for
he  2016-2018  period  (9.57%-9.85%).20 A  systematic  review
hat  analysed  the  characteristics  of  children  with  severe
OVID-19  found  that  75%  of  those  that  required  mechani-
al  ventilation  had  documented  comorbidities,  and  cardiac
iseases,  including  congenital  heart  defects  and  cardiomy-
pathy,  were  the  most  frequent  type  of  comorbidity,  present
n  21%  of  children  who  required  mechanical  ventilation.21

hese  reports  suggest  that,  similar  to  what  occurs  with  other
espiratory  viruses,  children  with  congenital  heart  disease
ight  be  at  higher  risk  for  severe  COVID-19.  Future  studies  in

hildren  should  include  a  clear  assessment  of  comorbidities,
ith  particular  emphasis  on  congenital  heart  diseases.

In  general,  results  from  the  entire  country  of  Mexico
ere  similar  to  those  of  the  Mexico  City  database.  How-

ver,  mortality  was  higher  in  Mexico  overall  (1.3%)  compared
o  Mexico  City  (0.7%),  and  the  strength  of  the  association
etween  different  predictors  and  mortality  varied  between
ohorts.  The  frequency  of  pneumonia,  admission  to  the  ICU
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nd  death  were  also  lower  in  Mexico  City.  It  is  important
o  consider  that  although  national  guidelines  on  SARS-CoV-

 testing,  patient  management  and  transmission  control
easures  are  applicable  to  all  states  in  Mexico,  there  are

egional  differences  in  their  implementation.  In  addition,
exico  City  has  a  substantially  larger  amount  of  health
are  resources  compared  to  all  other  states  in  Mexico.  For
nstance,  in  2014  the  number  of  hospital  beds  per  1000
nhabitants  was  2.4  for  Mexico  City  compared  to  1  for  the
ountry  overall.22 Thus,  differences  in  the  implementation
f  SARS-CoV-2  control  policies  or  in  access  to  health  care
ay  explain,  at  least  in  part,  the  observed  differences
etween  the  2  datasets.  Supporting  this  hypothesis,  an  anal-
sis  of  the  global  impact  of  COVID-19  in  children  evinced
hat  paediatric  mortality  was  higher  in  low-  and  middle-
ncome  countries  compared  with  high-income  countries.23

hese  findings  underscore  the  need  to  take  into  account
egional  differences  when  assessing  the  impact  of  COVID-19
n  different  areas  or  countries.

It  is  also  important  to  be  aware  of  the  fact  that  while
ortality  and  severe  disease  may  be  infrequent  in  children,

hildren  may  become  infected,  remain  asymptomatic  and
ransmit  the  virus  to  relatives  that  may  develop  more  severe
orms  of  disease,  and  therefore  vaccination  should  also  be
ontemplated  in  the  paediatric  age  group.

One  of  the  limitations  of  the  study  is  that  we  did
ot  collect  the  data  prospectively  or  directly,  but  used
etrospective  data  from  open  access  databases  obtained  pri-
arily  through  epidemiological  surveillance  programmes,  so

hat  the  collection  of  data  regarding  underlying  conditions
as  not  tailored  specifically  to  assess  the  paediatric  popula-

ion.  Some  of  its  strengths  are  that  we  retrieved  information
rom  2  different  databases,  the  large  number  of  cases  anal-
sed,  the  uniform  criteria  applied  in  the  case  definition
f  COVID-19,  and  the  inclusion  of  data  covering  the  entire
ountry.  We  also  ought  to  highlight  that  the  findings  in  both
ohorts  (nationwide  and  Mexico  City  cohorts)  were  consis-
ent.

In  conclusion,  we  identified  predictors  of  mortality  due
o  COVID-19  in  Mexican  children.  Obesity  was  consistently
ssociated  with  an  increased  probability  of  death,  and
ypertension,  immunosuppression,  diabetes,  chronic  lung
isease  and  chronic  renal  disease  were  also  underlying  con-
itions  associated  with  an  increase  in  mortality.  Further
esearch  is  required  to  establish  the  impact  of  other  comor-
idities,  such  as  congenital  heart  disease,  in  relation  to  the
isk  of  severe  COVID-19  in  children.

thical considerations

he  study  was  exempt  from  approval,  as  it  consisted  in  the
nalysis  of  secondary  data  from  2  open  access  databases
etrieved  from  the  official  websites  of  the  Federal  Ministry
f  Health  of  Mexico  and  the  Department  of  Health  of  Mex-
co  City,  neither  of  which  include  any  personal  identifiable
nformation.
onflict of interests

he  authors  declare  that  they  have  no  conflict  of  interest. 1

12
 (2022)  119---128

eferences

1. Wu Z, McGoogan JM. Characteristics of and Impor-
tant Lessons From the Coronavirus Disease 2019
(COVID-19) Outbreak in China: Summary of a Report
of 72 314 Cases From the Chinese Center for Dis-
ease Control and Prevention. JAMA. 2020;323:1239---42,
http://dx.doi.org/10.1001/jama.2020.2648.

2. The Novel Coronavirus Pneumonia Emergency Response Epi-
demiology Team. The Epidemiological Characteristics of an
Outbreak of 2019 Novel Coronavirus Diseases (COVID-19) -
China, 2020[J]. China CDC Weekly. 2020;2:113---22.

3. Guo CX, He L, Yin JY, Meng XG, Tan W, Yang GP, et al. Epidemi-
ological and clinical features of pediatric COVID-19. BMC Med.
2020;18:250.

4. Oualha M, Bendavid M, Berteloot L, Corsia A, Lesage F, Vedrenne
M, et al. Severe and fatal forms of COVID-19 in children. Arch
Pediatr. 2020;27:235---8.

5. Wald ER, Schmit KM, Gusland DY. A Pediatric Infectious Disease
Perspective on COVID-19. Clin Infect Dis. 2021;72:1660---6.

6. Olabi B, Bagaria J, Bhopal SS, Curry GD, Villarroel N, Bhopal R.
Population perspective comparing COVID-19 to all and common
causes of death during the first wave of the pandemic in seven
European countries. Public Health Pract (Oxf). 2021;2:100077,
http://dx.doi.org/10.1016/j.puhip.2021.100077.

7. Shi T, McAllister DA, O’Brien KL, Simoes EAF, Madhi SA,
Gessner BD, et al. Global, regional, and national disease bur-
den estimates of acute lower respiratory infections due to
respiratory syncytial virus in young children in 2015: A sys-
tematic review and modelling study. Lancet. 2017;390:946---58,
http://dx.doi.org/10.1016/S0140-6736(17)30938-8.

8. Nair H, Brooks WA,  Katz M, Roca A, Berkley JA, Madhi
SA, et al. Global burden of respiratory infections due
to seasonal influenza in young children: A systematic
review and meta-analysis. Lancet. 2011;378:1917---30,
http://dx.doi.org/10.1016/S0140-6736(11)61051-9.

9. Schvartz A, Belot A, Kone-Paut I. Pediatric Inflamma-
tory Multisystem Syndrome and Rheumatic Diseases Dur-
ing SARS-CoV-2 Pandemic. Front Pediatr. 2020;8:605807,
http://dx.doi.org/10.3389/fped.2020.605807.

0. Antúnez-Montes OY, Escamilla MI, Figueroa-Uribe AF,
Arteaga-Menchaca E, Lavariega-Saráchaga M, Salcedo-
Lozada P, et al. COVID-19 and Multisystem Inflammatory
Syndrome in Latin American Children: A Multina-
tional Study. Pediatr Infect Dis J. 2021;40:e1---6,
http://dx.doi.org/10.1097/INF.0000000000002949.

1. Fisler G, Izard SM, Shah S, Lewis D, Kainth MK, Hag-
mann SHF, et al., Northwell COVID-19 Research Consortium.
Characteristics and risk factors associated with critical ill-
ness in pediatric COVID-19. Ann Intensive Care. 2020;10:171,
http://dx.doi.org/10.1186/s13613-020-00790-5.

2. Tsabouri S, Makis A, Kosmeri C, Siomou E. Risk Factors for Sever-
ity in Children with Coronavirus Disease 2019: A Comprehensive
Literature Review. Pediatr Clin North Am.  2021;68:321---38,
http://dx.doi.org/10.1016/j.pcl.2020.07.014.

3. Swedish Public Health Agency. COVID-19 in children and
adolescents: A knowledge summary-Version 2. Solna, Swe-
den: Swedish Public Health Agency; 2000 [accessed 10 Feb
2021] Available from: https://www.folkhalsomyndigheten.
se/contentassets/1e5e09395b9a4f498ff635cdd2b1a888/covid-
19-children-adolescents.pdf.

4. Quach C, Piché-Walker L, Platt R, Moore D. Risk factors
associated with severe influenza infections in childhood: Impli-

cation for vaccine strategy. Pediatrics. 2003;112:e197---201,
http://dx.doi.org/10.1542/peds.112,3.e197.

5. Aujard Y, Fauroux B. Risk factors for severe respiratory syncytial
virus infection in infants. Respir Med. 2002;96 Suppl B:S9---14.

7

dx.doi.org/10.1001/jama.2020.2648
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0010
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0015
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0020
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0025
dx.doi.org/10.1016/j.puhip.2021.100077
dx.doi.org/10.1016/S0140-6736(17)30938-8
dx.doi.org/10.1016/S0140-6736(11)61051-9
dx.doi.org/10.3389/fped.2020.605807
dx.doi.org/10.1097/INF.0000000000002949
dx.doi.org/10.1186/s13613-020-00790-5
dx.doi.org/10.1016/j.pcl.2020.07.014
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0065
dx.doi.org/10.1542/peds.112,3.e197
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0075


E.  N

1

1

1

1

2

2

2

2

between high-income countries and low- and middle-income
R.M.  Wong-Chew,  D.

6. Song P, Zhang Y, Yu J, Zha M, Zhu Y, Rahimi K, et al.
Global Prevalence of Hypertension in Children: A System-
atic Review and Meta-analysis. JAMA Pediatr. 2019;173:1---10,
http://dx.doi.org/10.1001/jamapediatrics.2019.3310.

7. Moser JS, Galindo-Fraga A, Ortiz-Hernández AA, Gu W, Huns-
berger S, Galán-Herrera JF, et al., La Red ILI 002 Study Group.
Underweight, overweight, and obesity as independent risk fac-
tors for hospitalization in adults and children from influenza
and other respiratory viruses. Influenza Other Respir Viruses.
2019;13:3---9, http://dx.doi.org/10.1111/irv.12618.

8. Zhao X, Gang X, He G, Li Z, Lv Y, Han Q, et al. Obe-
sity Increases the Severity and Mortality of Influenza
and COVID-19: A Systematic Review and Meta-
Analysis. Front Endocrinol (Lausanne). 2020;11:595109,
http://dx.doi.org/10.3389/fendo.2020.595109.

9. Shamah-Levy T, Vielma-Orozco E, Heredia-Hernández O,

Romero-Martínez M, Mojica-Cuevas J, Cuevas-Nasu L, et al.
Encuesta Nacional de Salud y Nutrición 2018-19: Resultados
Nacionales. Cuernavaca: Instituto Nacional de Salud Pública;
2020.

12
oyola  and  A.R.  Villa

0. Martin JA, Osterman MJK. Describing the Increase in Preterm
Births in the United States, 2014-2016. NCHS Data Brief.
2018;312:1---8.

1. Williams N, Radia T, Harman K, Agrawal P, Cook J, Gupta
A. COVID-19 Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection in children and adolescents: A
systematic review of critically unwell children and the asso-
ciation with underlying comorbidities. Eur J Pediatr. 2020:1---9,
http://dx.doi.org/10.1007/s00431-020-03801-6.

2. Dirección General de Evaluación del Desempeño, Secretaría de
Salud. Informe sobre la Salud de los Mexicanos 2016: Diagnóstico
General del Sistema Nacional de Salud. Secretaría de Salud,
México, 2016.

3. Kitano T, Kitano M, Krueger C, Jamal H, Al Rawahi H, Lee-
Krueger R, et al. The differential impact of pediatric COVID-19
countries: A systematic review of fatality and UCI admis-
sion in children worldwide. PLoS One. 2021;16:e0246326,
http://dx.doi.org/10.1371/journal.pone.0246326.

8

dx.doi.org/10.1001/jamapediatrics.2019.3310
dx.doi.org/10.1111/irv.12618
dx.doi.org/10.3389/fendo.2020.595109
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0095
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
http://refhub.elsevier.com/S2341-2879(22)00047-3/sbref0100
dx.doi.org/10.1007/s00431-020-03801-6
dx.doi.org/10.1371/journal.pone.0246326

	Clinical characteristics and mortality risk factors in patients aged less than 18 years with COVID-19 in Mexico and Mexico...
	Introduction
	Methods
	Results
	Discussion
	Ethical considerations
	Conflict of interests
	References


