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Abstract

Introduction:  Staphylococcus  aureus  is a  common  germ  in  bacterial  infections  in  children.  The
rate of  methicillin-resistant  S. aureus  (MRSA)  is increasing  lately.
Objectives:  The  main  aim  is to  know  the  rate  of  positive  cultures  to  MRSA  in Spanish  pediatric
emergency  departments.  The  secondary  aims  are  to  analyse  the risk  factors  for  MRSA  isolation
(patient origin,  history  of  hospitalization  or  surgery  in  the  previous  90  days,  antibiotherapy  in
the previous  60  days,  presence  of  comorbidity,  invasive  devices,  prior  MRSA  isolation)  and  to
analyse the  morbidity  of  these  infections.
Methodology:  Retrospective  multicenter  study  (07/01/2017---06/30/2018)  with  review  of
patient  histories  with  isolation  of  S. aureus  in  samples  of  any  origin  obtained  in 8 pediatric
emergency  departments  of  the  Infectious  Diseases  Working  Group  of  the Spanish  Society  of
pediatric  Emergencies.

� Please cite this article as: Garriga Ferrer-Bergua L,  Borrull Senra AM, Pérez Velasco C, Montero Valladares C, Collazo Vallduriola I,
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Results:  During  this  period,  S.  aureus  was  detected  in 403  patients  (average  age 75.8  ±  59.2
months;  54.8%  male):  28.8%  hospital-related  infections  (HRI)  and  71.2%  community-related
infections  (CRI).  Overall,  MRSA  rate  was  16.6%  (95%  CI:  13−20.2%);  18.1%  in HRI  and  16.2%
in CRI  (p  > 0.05).  The  highest  rates  of  MRSA  were  obtained  in skin  abscesses  (29.3%,  CI 95%:
21.8−36.8%), patients  not  born  in  Spain  (52%;  CI 95%:  32−72%)  or  patients  with  a  previous  MRSA
infection (90%;  CI 95%  71.4−100%).

167  (41%)  patients  were  admitted,  12  (3%)  had  complications  and  4  (1%)  suffered  sequels.
There were  no deaths.
Conclusions:  The  overall  MRSA  rate  was  one  in  6 staphylococcal  infections.  Higher  MRSA  rates
were detected  in samples  of  suppurating  skin  injuries  and  in  foreign  children  or  in children
with a  history  of  previous  MRSA  infection.  In  suppurative  skin  lesions,  early  drainage  is essential
and the  change  to  an  antibiotic  with  MRSA  coverage  should  be considered  if  the  evolution  is
inadequate.
© 2021  Asociación  Española  de Pediatŕıa.  Published  by  Elsevier  España,  S.L.U.  This  is an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Tasa  de  Staphylococcus  aureus  resistentes  a meticilina  en  urgencias  pediátricas  en

España

Resumen

Introducción:  S. aureus  es  un  germen  frecuente  en  las  infecciones  bacterianas  infantiles.  Últi-
mamente la  tasa  de  S. aureus  resistente  a  meticilina  (SAMR)  está  aumentando.
Objetivos:  Principal:  conocer  la  tasa  de  cultivos  positivos  a  SAMR  en  los  servicios  de urgencias
pediátricos  (SUP)  españoles.

Secundarios:  analizar  factores  de riesgo  de aislamiento  de SAMR  (procedencia  del paciente,
antecedentes  de  hospitalización  o  cirugía  en  los 90  días  previos,  de antibioterapia  en  los 60
días previos,  presencia  de comorbilidad,  dispositivos  invasivos,  aislamiento  SAMR  previo)  y  la
morbilidad de  estas  infecciones.
Metodología:  Estudio  retrospectivo  multicéntrico  (1/07/2017-30/06/2018)  con  revisión  de  his-
torias  de  pacientes  con  aislamiento  de S. aureus  en  muestras  de  cualquier  origen  obtenidas  en
8 SUP  del Grupo  de  Trabajo  de  Enfermedades  Infecciosas  de la  Sociedad  Española  de  Urgencias
de Pediatría.
Resultados:  Durante  dicho  periodo  se  aisló  S. aureus  en  403  pacientes  (edad  media  75,8  ± 59,2
meses; 54,8%  hombres):  28,8%  infecciones  relacionadas  con  el hospital  (IRH)  y  71,2%  con  la
comunidad  (IRC).

Tasa  global  de  SAMR:  16,6%  (IC95%:  13-20,2%);  18,1%  en  IRH  y  16,2%  en  IRC  (p  >  0,05).  Las  tasas
más altas  de  SAMR  se  obtuvieron  en  abscesos  cutáneos  (29,3%,  IC95%:  21,8-36,8%),  pacientes
no nacidos  en  España  (52%;  IC95%:  32-72%)  o  con  una  infección  previa  por  SAMR  (90%;  IC95%
71,4-100%).

Ingresaron  167  pacientes  (41%),  presentaron  complicaciones  12  (3%)  y  secuelas  4  (1%).  No
hubo fallecimientos.
Conclusiones:  La  tasa  global  de SAMR  afectó  a  una  de  cada  6 infecciones  estafilocócicas.  Las
tasas más  altas  de  SAMR  se  han producido  en  muestras  de lesiones  supuradas  de  piel  y  en  niños
extranjeros  o con  antecedentes  de infección  previa  por  SAMR.  En  las  lesiones  supuradas  de  piel
es principal  su  drenaje  precoz  y  valorar  el  cambio  a  antibiótico  con  cobertura  frente  a  SAMR  si
la evolución  no es  la  adecuada.
© 2021  Asociación Española de  Pediatŕıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Staphylococcus  aureus  is  one  of  the  pathogens  involved  most
frequently  in bacterial  infections  in children.  These  infec-
tions  are  of  variable  severity,  ranging  from  mild  forms  like
superficial  cutaneous  infections  and soft  tissue  abscesses  to

severe  forms  of invasive  infection  (necrotising  pneumonia,
pyomyositis,  osteomyelitis,  sepsis)  that  carry a  high  morbid-
ity  and may  be  life-threatening1.

In  the late  1990s,  there  was  a marked  increase  in
the  prevalence  of  methicillin-resistant  S. aureus  (MRSA),
reflecting  the  emergence  of  resistant  strains  that  spread
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both  inside  and  outside  hospitals,  and  both  nosocomial  and
community-acquired  MRSA  infections  have  since  become
frequent.  Some  of  the studies  in the literature  have  noted
that  the  increased  prevalence  of  MRSA  may  be  particularly
important  in  the paediatric  population2---4.

In Europe,  the  knowledge  of the prevalence  of
methicillin-resistant  Staphylococcus  infections  throughout
the  continent  is  obtained  through  the European  Antimi-
crobial  Resistance  Surveillance  Network  (EARSnet),  which
started  operations  in year 19995. This  network  collects  date
on  episodes  of  bacteraemia  caused  by  different  bacterial
species,  including  S.  aureus. Based  on  the  2019  EARSnet
report,  the  percentage  of  bacteraemia  isolates  correspond-
ing  to MRSA  was  19.2%,  which,  while  lower  compared  to the
2015 report  (25%),  continued  to  be  above  the  European  mean
(15.5%).  The  prevalence  of  MRSA  is  greater  in older  individ-
uals  (age  >65 years:  22.8%),  but  it is  still  considerable  in the
paediatric  population  (age  0---4 years:  12%;  age 5---18 years:
15.7%)6.

The  EARSnet  focuses  on  the prevalence  of  bacteraemia
by  different  species  and  strains,  including  MRSA;  but  there  is
no  system  at the European  level for  epidemiological  surveil-
lance  of  MRSA  isolates from  samples  other  than  blood.

In  Spain,  6  studies  have  been  devoted  to  the prevalence
of  Staphylococcus  species  since  1986  (1986,  1991,  1994,
1996,  2002,  2006)  through  the analysis  in the same  single
laboratory  of  all  Staphylococcus  strains  isolated  from  dif-
ferent  types  of  clinical  samples  in a single  day  in every
participating  hospital,  with  representation  of  every  region
in  the  country7,8. These  studies  evinced  an increase  in the
prevalence  of  MRSA  from  1.5%  in year  1986  to  31.2%  in
2002,  followed  by  stabilization  at  29.2%  in 2006. The  studies
included  both  community-acquired  and nosocomial  infec-
tions.

Data  regarding  the  evolution  of  antimicrobial  drug
resistance  in bacteria  has  a substantial  influence  on  the
development  of  strategies  for the  selection  of  empirical
antibiotherapy.  Although  the  aforementioned  nationwide
prevalence  studies  could  reflect  temporal  trends  in  the
prevalence  of MRSA,  the study  universe  was  the  adult  popu-
lation,  and  therefore  the  results  cannot  be  extrapolated  to
the  paediatric  population.

As  regards  community-acquired  infection  by  MRSA  in
children  in  Spain,  the first  case  series  was  published
in  20069.  Later  on,  other  series  have  been  published
in  different  geographical  regions.  The  described  infec-
tions  mainly  involved  the skin  and  soft  tissues,  some
were  severe  (cases  of  pneumonia  and  necrotising  fasciitis,
bacteraemia)10---15.  In  Spain,  only one  multicentre  study,  pub-
lished  in  2009,  has  assessed  the  prevalence  of MRSA  in
the  paediatric  population.  This  study  included  all  infections
by  S.  aureus  in children  managed  in 4 Spanish  hospitals
(Barcelona,  Madrid,  Palma  de  Mallorca  and A Coruña),  and
found  a  proportion  of community-acquired  MRSA  infection
of  8.8%16.

The  primary  objective  of  our  study  was  to  determine  the
proportion  of  cultures  positive  for  MRSA  among  the patients
managed  in  paediatric  emergency  departments  (PEDs)  in
Spain.  The  secondary  objectives  were  to  identify  risk  factors
associated  with  an  increased  probability  of  MRSA  isolation
and  to analyse  the morbidity  associated  with  these  infec-
tions.

Material and methods

We  conducted  a  multicentre  retrospective  study  in 8  PEDs
included  in the Working  Group  on  Infectious  Diseases  of  the
Sociedad  Española  de  Urgencias  de Pediatría  (SEUP,  Span-
ish  Society  of  Paediatric  Emergency  Care)  (Hospital  Infantil
Universitario  Niño  Jesús  in Madrid,  Hospital  Sant  Joan  de
Déu  in  Barcelona,  Corporació  Sanitária  Parc  Taulí in Sabadell,
Hospital  de  Mataró,  Hospital  de Cabueñes in Gijon,  Hospital
Virgen  del Rocío  in  Seville,  Hospital  Río  Hortega  in Valladolid
and  Hospital  Son  Espases  in  Mallorca)  of patients  managed
between  1/07/2017  and  30/06/2018  in whom  S. aureus  had
been  isolated  from  culture  from  samples  obtained  from  any
site.

The  identification  of  S.  aureus  isolates  was  performed  at
the  microbiology  laboratories  of each  hospital.  Later  on,  we
reviewed  the  health  records  of  patients  to  select  those  that
met  the  inclusion  criteria.

Inclusion  criteria

Patients  aged  0---16 years  managed  in PEDs.
Isolation  of  S.  aureus  from any  sample  obtained  at the

PED  or  drainage  of  an abscess,  mastoiditis  or  any  other  puru-
lent secretion  in  the 6 h  following  hospital  admission  from
the  PED.

Exclusion criteria

Patients  that  were not admitted  to  hospital  from  the  PED
and  those  admitted  from  the  PED  in  whom  the sample  was
obtained  from  drainage  of  an abscess,  mastoiditis  or  another
purulent  secretion  more  than  6 h  after admission.

We collected  data  on  demographic  variables  (age,
sex),  microbiological  variables  (source  of  sample,  empiri-
cal  antibiotherapy),  potential  risk  factors  associated  with
methicillin  resistance8,17---19 (origin  of  patient,  history  of  hos-
pitalization  or  surgery  in the past  60  days, comorbidities,
invasive  devices  and  history  of  previous  MRSA  isolation)
and  outcome  variables  (need  of admission,  complications,
sequelae  and  death).

Infections  by S.  aureus  were classified  based  on  criteria
established  by the  Centers  for Disease  Control  and  Preven-
tion  (CDC)18:

•  Hospital-associated  MRSA  infection  ---  Infection  in  patients
with  any of  the following  risk  factors:  use  of  percuta-
neous  catheter  at the  time  of  infection,  previous  isolation
of  MRSA,  history  of  hospitalization,  surgery  or  dialysis  or
presence  of  chronic  disease.

•  Community-associated  MRSA ---  infections  with  onset  in
the  community  or  in the  first  48  hours  of  hospitalization
in the  absence  of  any  of the  risk  factors  described  above.

The  principal  investigator  in each  participating  hospital
completed  the data  in  the  Google  drive® form  designed  for
the  purpose.  The  data  for each of  the hospitals  was  pooled
in  a  single  Excel® spreadsheet  that  was  only  accessible  to
principal  investigators.  To  guarantee  the confidentiality  of
the  patients,  we  did  not collect any personal  identifiable
information.
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Table  1  Reported  episodes  with  isolation  of S. aureus  by  hospital  and  autonomous  community  and  proportion  of methicillin
resistance.

Hospital  n  Autonomous
community

n  (%)  Methicillin
resistance,
n  (%;  95%  CI)

P

H.  Infantil  Universitario  Niño  Jesús  (Madrid)  98  Madrid  98  (24.3)  16  (16.3;
8.9−23.6)

>.05

H. Sant  Joan  de  Déu  (Barcelona)  133  Cataluña  183  (45.4)  32  (17.5;
11.9−23)

Consorci Corporació  Sanitaria  Parc  Taulí  (Sabadell)  24
H. de  Mataró  (Mataró) 26
H.  Universitario  Río  Hortega  (Valladolid) 18  Castilla  y

León
18 (4.5) 1  (5.5)

H. Universitario  Son  Espases  (Majorca)  58  Baleares  58  (14.4)  14
(24.1;13.1−35.1)

H. Universitario  de  Cabueñes  (Gijon)  11  Asturias  11  (2.7) 0
H. Universitario  Virgen  del  Rocío  (Seville)  35  Andalucía  35  (8.7) 4  (11.4;

0.9−21.9)
Total 403  403  (100)  67  (16.6;

13−20.2)

The  research  project  was  approved  by  the Ethics  and
Clinical  Research  Committee  of the Hospital  Infantil  Uni-
versitario  Niño Jesús on  28/05/2019  (under  in-house  code
R-0028/19).

Statistical analysis

The  statistical  analysis  was  performed  with  the Statistical
Package  for  the  Social Sciences  (SPSS)  version  21  (Chicago,
IL,  USA).

In  the  descriptive  analysis,  we  summarised  continuous
data  as  mean  and  standard  deviation.  We  assessed  the
normality  of  the distribution  of  the variables  using the
Shapiro-Wilk  test.  We  summarised  categorial  data  as  abso-
lute  and  relative  frequencies  (counts  and percentages).  We
calculated  the prevalence  of  methicillin  resistance  in  the
overall  sample,  in  each participating  hospital  and  in each  of
the  autonomous  communities  represented  in the study.

Later,  we  performed  an inferential  statistical  analysis  to
identify  potential  risk  factors  associated  with  a  greater  prob-
ability  of  methicillin  resistance  and  to assess  the morbidity
and  mortality  associated  with  these  infections.  To  this  end,
we  used  the  chi  square  test  and the Mann-Whitney  U  test
as  applicable.  We  also  calculated  95%  confidence  intervals
(CIs)  for  proportions  using  the Wilson  method  and  odds  ratios
(ORs)  for  the  risk  factors  under  study.  In every  case,  we
defined  statistical  significance  as  a  P  value  of  0.05  or  less.

Results

In the  period  under  study,  S. aureus  was  isolated  from  403
samples.  Table  1 presents  the number  of  episodes  with  iso-
lation  of  S.  aureus  reported  by  each  PED  and  by autonomous
community  in  Spain.

The mean  age of  patients  was  75.8  months  (standard
deviation,  59.2),  54.8%  were  male.  Comorbidities  were
present  in  59  children  (14.6%),  the most frequent  of  which

were:  altered  immunity  (immunodeficiency,  steroid  therapy
at a  dose  ≥2 mg/kg/day  or  immunosuppression)  (n  = 8),
severe  atopic dermatitis  (n  =  6),  congenital  heart  disease  (n
=  6),  cancer  (n  =  6; 3  of  these  patients  also  had  indwelling
central  venous  catheters);  neurogenic  bladder  (n  = 4),  cystic
fibrosis  (n =  3)  and preterm  birth (n =  3).

Thirty-six  patients  (8.9%)  were  using  invasive  medical
devices:  16  osteosynthesis  material,  7  gastrostomy  tubes;
5 central  venous  catheters,  2  urinary  catheters,  2  ventricu-
loperitoneal  shunts,  1 a  urinary  catheter  and  a  gastrostomy
tube,  1 a cochlear  implant  and  2 cardiac  stents.

The  overall  proportion  of  MRSA  was  16.6%  (67/403;  95%
CI,  13−20.2%);  Table  1  presents  the proportions  of MRSA
isolates  by  autonomous  community.

Out  of  the 403 staphylococcus  infections,  116  (28.8%)
were  hospital-associated,  and  287  (71.2%)  community-
associated,  with  a respective  prevalence  of  MRSA  of  18.1%
and  16.2%  (P >  .05).

We  proceed  to  present  the results  on  the  anatomical
site  of the samples,  the  potential  risk  factors  for  methi-
cillin  resistance  and  outcomes  of patients  with  isolation  of
methicillin-sensitive  and methicillin-resistant  S.  aureus.

Table  2  presents  the  anatomical  sites  of the  samples  from
which  S.  aureus  was  isolated  and  the proportion  of  MRSA
isolation  by  site.  The  proportion  of  MRSA  isolates  was  higher
in samples  obtained  from  cutaneous  abscesses  compared  to
samples  obtained  from  blood,  conjunctiva,  skin  or  the  ear
(P  < .05).  Fifty  percent  of  reported  S.  aureus  blood  culture
isolates  were  associated  with  osteoarticular  infections.  The
overall  prevalence  of  MRSA  in osteoarticular  infections  was
7.7%  (2/16  blood  cultures,  0/10  joint  drainage  cultures).

The  proportion  of  infections  caused  by  MRSA  in children
born  in Spain  was  13.3%  (95%  CI,  9.4−17.2)  versus  52%  (95%
CI,  32−72)  in those  born  outside  Spain  (P  <  .01).  Methicillin-
resistant  S.  aureus  grew  in 90%  (95%  CI,  71.4---108.6)  of
cultures  of patients  with  a previous  history  of MRSA  infec-
tion,  compared  to  13%  (95%  CI,  9.6−16.4)  of patients  without
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Table  2  Anatomical  site  of  sample  and proportion  of  MRSA  by  site.

Anatomical  site  of  sample n  (%)
MRSA

n  (%;  95%  CI)

Cellulitis/cutaneous  abscess  (drainage)  140  (34.7)  41  (29.3;  21.8−36.8)
Conjunctiva 14  (3.5)  4 (28.6;  4.9−52.3)
Blood culture  of  peripheral  blood  draw  sample  32  (7.9)  4 (12.5;  1−24)
Skin 59  (14.6)  6 (10.2;  0−34.3)
Ear 66  (16.4) 6  (9.1;  0−32.1)
Surgical wound 19  (4.7) 0
Joint fluid 10  (2.5) 0
Urine culture  3  (0.7)  0
Blood culture  of  catheter  sample  1  (0.3)  0
Other 59  (14.6)  6 (10.2;  0−34.4)
Total 403  (100) 67  (16.6;  13−20.2)

Table  3  Proportion  of MRSA  and  risk  factors  for  methicillin  resistance  (univariate  analysis).

Risk  factors  for  methicillin  resistance (n)  Proportion  of  MRSA,  %  (95%  CI) P

Patient  nationality
Spanish  (293)  13.3  (9.4−17.2)

<.01Not  Spanish  (25)  52  (32−72)
Unknown  (85)

History  of  hospitalization  in  past  90  days  Yes  (63)  9.5  (0−16.7)  >.05
No (338)  18  (13.9−22.1)
Unknown  (2)

History of  surgery  in the  previous  90  days  Yes  (42)  7.1  (0−14.9)  >.05
No (360)  17.8  (13.9−21.8)
Unknown  (1)

History of  antibiotherapy  in  the  previous  60  days Yes  (153) 18.3  (12.2−24.4)  >.05
No (240) 15.8  (11.2−20.4)
Unknown:  10

Comorbidity  Yes  (59) 17  (7.4−26.6) >.05
No (344) 16.6  (12.7−20.5)

Medical devices Yes  (36) 13.9  (2.6−25.2) >.05
No (367) 16.9  (13.1−20.7)

Previous MRSA
Yes  (10)  90  (71.4−100)

.01No (366)  13  (9.6−16.4)
Unknown  (27)

that  history  (P  <  .01).  We  found  a greater  probability  of
methicillin  resistance  in foreign-born  children  (OR, 7;  95%
CI,  3%---16.6 %) and  in children  with  a previous  MRSA  infection
(OR,  59.6;  95%  CI,  7.4%---481.2  %). Table  3  presents  the com-
parative  analysis  of  MRSA  isolation  based  on  the  presence  or
absence  of  each  of  the  risk  factors  under  study.

Antibiotherapy  was  administered  to 369  children  (91.5%)
before  culture  results  were  available,  in 215 (58.3%)
amoxicillin-clavulanic  acid  and  in  20  (4.9%)  an  antibiotic  that
covered  MRSA  (vancomycin,  clindamycin  or  cotrimoxazole).

When  it came  to  patient  outcomes  in the  total  sample
(403),  167  (41.4%)  were  admitted  to  hospital,  and  12  (3%)
developed  complications:  poor  outcome  with  need  of  sur-
gical  reintervention  in 4 children  with  postoperative  wound
infection  (with  removal  of  osteosynthesis  material  in 2  of
them),  2  with  cutaneous  abscesses,  1  with  osteomyelitis,  1
with  superficial  venous  thrombosis,  1 with  cutaneous  necro-

sis  secondary  to cellulitis  that  required  surgery,  1 with  sepsis
in  the context  of  necrotising  fasciitis,  1  with  osteomyelitis
following  a  cutaneous  abscess  and  1  with  osteomyelitis  that
progressed  with  extensive  involvement  of  the  femur.  The
proportion  of  complications  in patients  was  3.4%  (10/296)
in  cases  in which S. aureus  was  sensitive  to  the antibiotic
prescribed  in the PED  and 2.8%  (2/73)  in  the  cases in which
it  was  resistant  (P  >  .05).

There  were  sequelae  in 4  children  in the  sample:  genu
flexum  following  osteoarticular  infection  (n = 2),  bone  ero-
sion  in joint  margin  (n  =  1) and chronic  otorrhoea  with
conductive  hearing  loss  following  suppurative  otitis  media
(n  =  1).  There  were  no deaths  directly  associated  with  the
staphylococcus  infection.  Table  4  presents  the comparison
of  outcomes  (admission,  complications,  sequelae)  based  on
methicillin  sensibility.
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Table  4  Comparison  of  patient  outcomes  based  on  methi-
cillin  sensitivity  of  S. aureus.

Outcome  %  (95%  CI)  P

Admission
MRSA:  50.7  (38.7−62.7)

>.05MSSA:  39.6  (34.4---44.8)

Complications
MRSA:  3  (0−7.1)

>.05MSSA:  3 (1.2---4.8)

Sequelae
MRSA: 0

>.05MSSA:  1.2  (0.2−2.8)
Death 0%

MRSA, methicillin-resistant S. aureus;  MSSA, methicillin-
sensitive S. aureus.

Discussion

This  is the  first  multicentre  study  conducted  in Spain  that
analyses  the  prevalence  of  MRSA  in cultures  of  samples  col-
lected  from  paediatric  patients  managed  in PEDs.  We  found
an  overall  proportion  of  methicillin  resistance  of  16.6%,
practically  double  the  proportion  of MRSA  in community-
acquired  S. aureus  infections  (8.8%)  found  in the only
multicentre  study  ever  conducted  in Spain  in the paedi-
atric  population,  in  200916, although  the latter  did  not
only  include  cultures  of samples  collected  in  emergency
departments  or  hospital-associated  infections.  The  MRSA
prevalence  data  reported  for  Spain  by  the EARSnet  in  the
2017  report  broken  by  paediatric  age  group,  which  ranged
from  14.9%  (0---5  years)  to  16.4%  (5---18  years)20,  could  be
extrapolated  to  ours.  Although  the EARSnet  only analyses
isolates  from  blood  stream  infections,  this  is the only source
at the  European  level that  is  available  to  follow  temporal
trends  in  the  prevalence  of  methicillin  resistance  in Europe
overall  and  in each  participating  country.

Several  publications  have alerted  of the spread  of MRSA
strains  in  outpatient  and  community  settings  in  Spain21---23, a
phenomenon  that  extends  to  the  paediatric  population9,16

and  corroborated  by  our  study,  as  we  did not  find  sta-
tistically  significant  differences  in the  proportion  of MRSA
between  hospital-associated  S. aureus  infections  (18.1%)
and  community-associated  infections  (16.2%).  In  Spain,  the
COSACO  study,24 conducted  recently,  has  contributed  rele-
vant  and  interesting  knowledge  regarding  nasal  colonization
by  MRSA  in the Spanish  paediatric  population.  The  authors
estimated  the  prevalence  of  nasal  colonization  by  MRSA  at
1.4%,  which  they  considered  high  compared  to  the preva-
lence  in European  children  and adults25---28.  The  prevalence
of  nasal  colonization  by  MRSA,  a  known  risk  factor  for  future
infection24,29,  and  the  proportion  of  MRSA  out  of  all  S.  aureus

isolates  in  the  PED  setting  are not  directly  comparable.  Still,
the  detection  of  a high  prevalence  of  nasal  carriage  of  MRSA
is  consistent  with  the frequency  of  methicillin  resistance
in community-associated  staphylococcus  infections  found in
the  paediatric  population.

The prevalence  of  methicillin  resistance  found  in our
study  did  not  vary  significantly  between  participating
autonomous  communities,  although  the sample  did not
include  patients  from  all  autonomous  communities  and  the
representation  of  those  that  participated  was  also  not opti-
mal,  which  limits  the extrapolation  of our  results.

Infections  by  S.  aureus  most  frequently  involve  skin
and  subcutaneous  tissue7,30,31. In countries  with  a  high
prevalence  of  MRSA,  this  has  become  one of  the
main  causal  agents  involved  in these  community-acquired
infections29,32---36.  At  the  same  time,  skin  and  soft  tissue
infections  are  the most  frequent  form  of  community-
acquired  MRSA  infection29,  so  it is  not surprising  that  we
found  the highest  prevalence  of  MRSA  in these  infections
in our sample,  with  30%  of MRSA  isolates  corresponding  to
samples  obtained  from  suppurative  cutaneous  lesions.  This
proportion  of  methicillin  resistance  was  significantly  higher
compared  to the proportion  in skin  samples  in cases  of infec-
tion  that  did not  require  drainage  (10.2%).  However,  we
cannot  infer  that  methicillin  resistance  itself  is  the  fac-
tor  that  promotes  suppuration.  In fact,  there  is  evidence
of  an association  with  the  presence  of  Panton-Valentine
leukocidin,  independently  of  the sensitivity  or  resistance
to  methicillin12,14,31. In  addition,  this  factor  did  not affect
patient  outcomes  in  infections  caused  by  MRSA,  in whom
the  frequency  of  complications  or  sequelae  were  not  higher
(Table  4).

The high  prevalence  of  MRSA  detected  in  cutaneous
abscess  cases  does  not call  for  a  change  in  clinical
management  as  regards  initiation  of  empirical  antibio-
therapy  (an  antibiotic  that  covered  MRSA  was  only given
to  5% of  the patients)  but  it does  call  for  performance
of  drainage  as  early  as  possible  and  the use  of  antibi-
otics  that  cover  MRSA if the  patient  is  not  improving  as
expected.

On  the other  hand,  invasive  infections  account  for
a minority  of  the  total  community-associated  MRSA
infections29.  The  12.5%  prevalence  of  MRSA  found in blood
cultures  of  peripheral  blood  draws  in our  study  (4/32)
stood  out in  relation  to  the proportions  reported  in pre-
vious  studies  in Spain:  0%  (0/57)  in the  prospective  study
conducted  in  the 2007---2010  period  in patients  aged  less
than  16  years  by  Barrado  et  al in  a  tertiary  care  hospital
in  Madrid37, and 3% in the  2010---2012  period  in the ret-
rospective  study  conducted  in Barcelona  in patients  aged
less  than  16  years  by  Cobos-Carrascosa  et al.15 The  preva-
lence  of MRSA  isolated  from  blood  culture  in  our  study
(12.5%)  was,  however,  consistent  with  the frequencies  by
age  group reported  by  the EARSnet  for  Spain  in 2019,
which  can  be consulted  online  in  the Surveillance  Atlas  of
Infectious  Disease  (an  open-access  resource  of  the  Euro-
pean Centre  for  Disease  Prevention  and  Control  available
at http://atlas.ecdc.europa.eu/public/index.aspx): preva-
lence  of  bacteraemia  caused  by  MRSA  of  12%  in  the 0---4
years  age group  and  15.7%  in the  5---18 years  group.
Although  the prevalence  of  MRSA  isolation  from  blood
culture  in  our  sample  was  high,  this  was  not  associated  with
poorer  outcomes  or  a  higher  incidence  of  complications  or
sequelae  (Table 4).

As  regards  the  risk  factors  for methicillin  resistance,  we
only  found  an association  with  the origin  of  the patients
(higher  prevalence  in children  born  outside  Spain)  and  the
history  of  previous  isolation  of  MRSA.

In  our  study,  we  found  a higher  proportion  of  MRSA  in chil-
dren  who  were  not native  Spaniards  (52%  in children  of  other
nationalities  vs  13.3%  in Spanish  children;  P  =  .000),  which
was  not  unexpected,  as  studies  conducted  by  the European
Network  for  the Surveillance  of  Imported  S. aureus  have
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found  a  high  frequency  of  skin  and  soft-tissue  infections  by  S.

aureus  in  travellers  that  return  to Europe  (67%),  with  a  doc-
umented  prevalence  of methicillin  resistance  of  14%  in  the
isolates  of  these  imported  cases17.  The  probability  of methi-
cillin  resistance  in imported  S.  aureus  cases  varied between
regions  and  was  highest  for  Latin  America17.  In our  study,
we  did  not  analyse  the region  of  origin  in  children  of  foreign
nationality.

As  for  the  higher  prevalence  of  methicillin  resistance
found  in  our  study in patients  with  a  previous  history
of  MRSA  isolation  (90%  compared  to 13.3%  in children
without  previous  MRSA  isolation),  we  ought  to  note that
this  is not  a surprising  finding,  as  previous  MRSA  isola-
tion  is  a  thoroughly-documented  risk  factor  for methicillin
resistance19. Therefore,  it  is  important  to  always  explore
this  history  in patients  that present  to  the PED  with  a  sus-
pected  staphylococcal  infection.

The  staphylococcus  infections  managed  in PEDs,  inde-
pendently  of methicillin  susceptibility  or  resistance,  were
severe:  nearly  half  the patients  required  hospital  admission
and  1 in 30 developed  complications.  Although  methicillin
resistance  does  not  make  S. aureus  more  virulent,  an aspect
that  rather  appears  to  be  associated  with  the presence  of
the  Panton-Valentine  leukocidin,  as  noted  above12,14,31,38,  it
is  important  to document  and  monitor  the  prevalence  of
MRSA  in  children  to  know  which  antibiotics  offer  the  best
treatment  option  in  the case  of  infection  of  a likely  staphy-
lococcal  aetiology.

Limitations

There  are  several  limitations  to  our  study.  First, it had  a
retrospective  design,  with  the limitations  that  this  entails
in  obtaining  complete  data  for  the variables  included  in the
analysis.  On the other  hand,  it only allowed  us to determine
the prevalence  of methicillin  resistance  in the  current  time
point. Time  series  analysis  studies  in  the  paediatric  popu-
lation  would  be  needed  to gain  a better  perspective  of  the
problem  and  be  able to  act  on  it.  Lastly,  the extrapolation  of
the  results  to  the entirety  of  Spain  is restricted  by  the lim-
ited  representation  of different  autonomous  communities  in
the  study.

Conclusion

The  overall  prevalence  of  MRSA  in cultures  of  samples
obtained  in PEDs in Spain  was  significant:  1  in every  6 iso-
lates.  The  highest  frequencies  of MRSA  corresponded  to
children  born  outside  of Spain, children  with  a previous  his-
tory  of  MRSA  isolation  and samples  obtained  from  cutaneous
abscess  and subcutaneous  tissue.  In the case  of suppurative
lesions  of skin  and  soft  tissues,  it is  important  to  perform
early  drainage  and  to  consider  switching  to  an  antibiotic
that covers  MRSA if treatment  does  not  achieve  an adequate
outcome.

Prospective  studies  in larger  samples  and with  repre-
sentation  of more  regions  in Spain  are required  to  more
accurately  estimate  the  prevalence  of  MRSA  in cultures  of
samples  obtained  in Spanish  PEDs.
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