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Abstract

Introduction:  Health  care-associated  infections  (HAIs)  contribute  to  morbidity  and  mortality

and to  the  dissemination  of  multidrug-resistant  organisms.  Children  admitted  to  the  intensive

care unit  undergo  invasive  procedures  that  increase  their  risk  of  developing  HAIs  and  sepsis.

The aim  of  the  study  was  to  analyse  factors  associated  with  mortality  due  to  sepsis  arising  from

HAIs.

Patients  and  methods:  We  conducted  a  case-control  study  in a  7-bed  multipurpose  paediatric

intensive  care  unit in a tertiary  care  teaching  hospital.  The  sample  consisted  of  90  children

admitted between  January  2014  and  December  2018.  The  case  group  consisted  of  patients  who

died from  sepsis  associated  with  the  main  health  care-associated  infections;  the control  group

consisted  of  patients  who survived  sepsis  associated  with  the  same  infections.

Results:  Death  was  associated  with  age  less  than  or  equal  to  12  months,  presence  of  comor-

bidity, congenital  disease,  recurrent  ventilator-associated  pneumonia  and  septic  shock.  In  the

multiple regression  analysis,  heart  disease  (OR,  12.48;  CI 2.55---60.93;  P =  .002),  infection  by

carbapenem-resistant  bacteria  (OR,  31.51;  CI 4.01---247.25;  P =  .001),  cancer  (OR,  58.23;  CI

4.54---746.27;  P =  .002),  and  treatment  with  adrenaline  (OR,  13.14;  CI  1.35---128.02;  P =  .003)

continued  to  be  significantly  associated  with  death.

Conclusions:  Hospital  sepsis  secondary  to  carbapenem-resistant  bacteria  contributed  to  a  high

mortality rate  in this  cohort.  Children  with  heart  disease  or  neoplasia  or  who  needed  vasopressor

drugs had  poorer  outcomes.
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Análisis  de factores  asociados  a  la mortalidad  por sepsis  derivada  de infecciones

relacionadas  con  dispositivos

Resumen

Introducción:  Las  infecciones  relacionadas  con  la  asistencia  sanitaria  (IRAS)  contribuyen  a  la

morbimortalidad  y  a la  diseminación  de organismos  multirresistentes.  Los niños  ingresados  en  la

unidad de  cuidados  intensivos  son  sometidos  a  procedimientos  invasivos  que  aumentan  su  riesgo

de desarrollar  IRAS  y  sepsis.  El objetivo  de  este  estudio  fue  analizar  los  factores  asociados  a  la

letalidad por  sepsis  derivada  de  IRAS.

Pacientes  y  métodos:  Estudio  de  casos  y  controles,  en  una  unidad  de cuidados  intensivos

pediátricos  polivalente  de  7  camas  de un  hospital  universitario  de  tercer  nivel.  La  muestra  con-

sistió en  90  niños  ingresados  entre  enero  de  2014  y  diciembre  de  2018.  Los  casos  se  definieron

como fallecimientos  por  sepsis  asociada  a  infecciones  asistenciales  principales;  los  controles

fueron los  pacientes  supervivientes  que  presentaron  sepsis  asociada  a  las  mismas  infecciones.

Resultados: La  muerte  se  asoció  a  edad  menor  o igual  a  12  meses,  presencia  de comorbilidad,

enfermedad  congénita,  neumonía  recurrente  asociada  a  ventilación  mecánica  y  shock  séptico.

En el  análisis  múltiple,  la  cardiopatía  (OR  12,48;  IC 2,55---60,93;  p  =  0,002),  la  infección  por

bacterias  resistentes  a  carbapenémicos  (OR  31,51;  IC  4,01---247,25;  p  =  0,001),  el  cáncer  (OR

58,23; IC  4,54---746,27;  p = 0,002)  y  el uso  de adrenalina  (OR  13,14;  IC 1,35---128,02;  p  =  0,003)

siguieron  asociados  a  la  muerte.

Conclusiones:  La  sepsis  hospitalaria  secundaria  a  bacterias  resistentes  a  carbapenémicos  con-

tribuyó  a  una elevada  tasa  de  mortalidad.  Los  niños  con  cardiopatía  o neoplasia  o que

necesitaron  fármacos  vasopresores  tuvieron  peores  desenlaces.

© 2024  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

Healthcare-associated  infections  (HAIs)  are  among  the most
frequent  adverse  events  and  constitute  a  public  health  prob-
lem  that  contributes  to  morbidity  and  mortality,  length  and
costs  of  hospitalization  and  the  selection  and spread  of
multidrug-resistant  organisms  (MDROs).  It is  estimated  that
for  every  100  patients  hospitalized  in  developed  countries,
seven  will  develop  a  HAI;  in developing  countries,  this num-
ber  rises  to  10.1 The  costs  of  hospitalization  for  children
who  develop  HAIs  can be  up  to  4 times  higher  compared  to
children  who  do  not develop  this  complication.2 Health  care-
associated  infections  are more  frequent  in neonatal  and
paediatric  intensive  care  units  (PICUs)  compared  to  other
paediatric  settings.  A multicentre  European  study  in chil-
dren  showed  an overall  prevalence  of  HAIs of 4.5%, with
15.5%  in  PICUs.3

Health  care-associated  infections  are often  related
to  invasive  devices,  with  the  most common  instances
being  central  venous  catheter  bloodstream  infection  (BSI),
ventilator-associated  pneumonia  (VAP)  and  urinary  tract
infection  (UTI)  associated  with  prolonged  use  of  a  urinary
catheter.  Children  admitted  to  the  ICU  undergo  invasive  pro-
cedures,  such  as  tracheal  intubation,  venous  and  urinary
catheter  insertion,  chest  drainage  and  surgical  procedures,
that  increase  their  risk  of  developing  HAIs  and  sepsis, both
of  which  are  associated  with  an increased  mortality.4,5 Pae-
diatric  sepsis  is  a  frequent  cause  of  death  in  children,
particularly  in developing  countries.  Nevertheless,  due  to
the  nonspecificity  of  the  clinical  manifestations  in  differ-

ent  age  groups, it  is  still  underreported.6,7 Hospital-acquired
sepsis,  that  is,  sepsis  associated  with  the  length  of  stay  or  to
procedures  performed  in hospital,  may  account for  10%---20%
of  cases  of  sepsis  and  is  associated  with  a  higher  mortality
compared  to  community-acquired  sepsis.8

An  analysis  of the  mortality  due  to sepsis  in Brazil  using
data  from  the Unified  Health  Care  System  from  2006  to  2015
found  a mean  mortality  of 46.3%  overall,  of  64.5%  in the  ICU
and  of  13.6%  in  group  aged  0---17  years.9

In  light  of  the  above,  we  conducted  a  study  to  analyse
factors  associated  with  mortality  due  to  sepsis  resulting  from
HAIs  in  children  admitted  to  the ICU  of  a  public  university
hospital  in southern  Brazil.

Material  and methods

We  conducted  a  case-control  study  by  collecting  data  from
health  records,  the  department  of  records  and  archives  and
the  HAI  notification  forms  of  the Hospital  Infection  Con-
trol  Committee  of the  teaching  hospital  affiliated  to  the
State  University  of  Londrina  in the  State  of  Paraná,  South
Brazil.  The  project  was  approved  by the  Ethics  Commit-
tee  for Research  Involving  Human  Beings  of the university
(certificate  of  ethical  approval  no.  28068119.6.0000.5231;
opinion  no.  3 991  033  of  April  26,  2020).

The  sample  included  all children  aged  29  days  to  11  years,
11  months  and 29  days  admitted  to the paediatric  inten-
sive  care  unit  (PICU)  of  the  University  Hospital  of  Londrina
between  January  2014  and  December  2018  and  who  devel-
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oped  BSI,  pneumonia,  or  UTI  associated  with  invasive
devices  and  experienced  progression  to  sepsis  based  on  the
HAI  notification  system  of  the Hospital  Infection  Control
Committee  (HICC).  We  excluded  patients  receiving  palliative
care.

The  PICU  of  the studied  hospital  is  a  high-complexity
referral  unit  accredited  by  the  public  health  system  of  Brazil
and serving  patients  from  250  municipalities  in Paraná  and
100  municipalities  in other  states.  During  the study  period,
the  PICU  had  seven  beds  for  medical  and surgical  patients,
providing  an  average  of 159.3 patient  days  of  care  based
on  the  monthly  calculation  by  the HICC.  We defined  case
as  death  due  to  sepsis  associated  with  VAP,  UTI,  or  BSI;  the
controls  were  patients  who  developed  sepsis  in association
with  the  same  infections  but  did  not die.

The  independent  variables  under  study  were  sex,  age,
presence  of  comorbidity,  diagnosis  at admission,  type  of  HAI
(BSI,  VAP  or  UTI),  presence  of  two  or  more  HAIs,  length  of
hospital  stay  (days),  length  of  PICU  stay  (days),  days  of ther-
apy  with  antimicrobials,  progression  to  septic  shock,  use  of
catecholamine  vasopressors  (norepinephrine,  adrenaline),
serum  lactate  level  and  C-reactive  protein  level.

When  it  came  to  the  aetiological  agent  and  the
antimicrobial  resistance  profile,  we  classified  pathogens
as  carbapenem-resistant  (CR)  gram-negative  bacilli and
multidrug-resistant  (MDR)  microorganisms  (defined  as  gram-
negative  bacilli  resistant  to  third-  or  fourth-generation
cephalosporins,  extended-spectrum  beta-lactamase-
producing  gram-negative  bacilli and  oxacillin-resistant
Staphylococcus  spp).

We  analysed  the association  between  sepsis  and  mortality
according  to  the information  recorded  in the HAI  notifica-
tion  forms  of the Hospital  Infection  Control  Committee.  For
cases  involving  more  than  one  infection  that  progressed  to
sepsis,  we  attributed  the death  in the health  records  accord-
ing  to  the  evaluation  of  the  death  by the medical  team  of
the  Hospital  Infection  Control  Committee.

We  collected  data  on  the  laboratory  tests  performed
between  24 h  before  or  24  h  after  the initial detection  of
the  HAI;  if  more  than  one  infection  was  present  in the same
patient,  we used  the  laboratory  results  corresponding  to  the
last  detected  HAI.  When  it came  to  cultures  of  samples  from
infectious  sites,  we  considered  the samples  collected  in the
same  time  interval.

The  medical  team  of the  Hospital  Infection  Control
Committee  applied  the criteria  of  the National  Health
Surveillance  Agency  for  diagnosis  of  HAI.  The  criteria
for  sepsis  and septic  shock  applied  for  diagnosis were
those established  in International  Paediatric  Sepsis Consen-

sus  Conference  guidelines,10 and  the Surviving  Sepsis

Campaign11 guidelines  were used  to  guide  treatment.  All
children  received  empiric  antibiotherapy  followed  by  treat-
ment based  on  the antimicrobial  susceptibility  profile
shortly  after  this result  became  available.

We entered  the  data  in  Microsoft  Excel  and analysed
them  with  the  Statistical  Package  for the  Social Sciences
(SPSS),  version  20.0.  We  expressed  categorical  variables  as
absolute  and  relative  frequencies  and  continuous  variables
as  median  and  interquartile  range  (IQR).  To  evaluate  asso-
ciations  between  categorical  variables  and  mortality,  we
used  the  �2 test  or  Fisher  exact  test,  as  applicable.  The
association  between  continuous  variables  and  mortality  was

analysed  by  means of  simple  logistic  regression.  We  per-
formed  a  multiple  logistic  regression  analysis  selecting  those
variables  with  a  P  value  of  less  than  0.20  in  the  bivariate
analysis.  The  regression  model  was  fitted  using the follow-
ing  tests:  Omnibus,  Nagelkerke  R2,  Hosmer-Lemeshow  test,
and residual  diagnostics.  We used  stepwise  forward  selec-
tion  to  input  variables  into  the  model.  The  measure  used  to
quantify  the  association  was  the odds  ratio  (OR) with  its 95%
confidence  interval  (CI).  We  set the  level  of significance  at
5%  (P  <  .05).

Results

The  sample  included  90  children  with  HAI  and  sepsis,  with
a  predominance  of  patients  of  male  sex,  aged  less  than  12
months,  with  comorbidities  and  with  a diagnosis  of  infec-
tious  disease  at admission  (Table  1). The  median  age  was
10  months  (IQR,  20.7), and  the  median  length  of  stay  in the
PICU  was  13.5  days  (IQR,  20).  Thirty  percent  of  the  children
had  infections  by  bacteria  resistant  to  various  antibiotics.
Nearly  one  quarter  of  the children  (23.3%)  developed  septic
shock,  and  noradrenaline  was  the  vasoactive  drug used  in
81%  of these  cases.  The  lethality  rate  of  hospital-acquired
sepsis  was  22.2%.  A total  of  114 HAIs were  detected,  most
frequently  VAP,  followed  by  BSI  and UTI. We  found  no  asso-
ciation  between  the type of HAI  and  mortality  (Table  1).

The  duration  of  antibiotherapy  in days  was  not  asso-
ciated  with  mortality  (Table  2). Concerning  the use  of
empirical  antibiotherapy,  VAP  was  most  frequently  treated
with  piperacillin/tazobactam  and  amikacin  (62.3%  of  treat-
ments),  both  for  a median  duration  of 7 days  (IQR,  3).  When
it  came  to  BSIs,  vancomycin  was  used in  43.9%  of  cases  for
a  median  duration  of  10  days  (IQR,  7),  and  when  it came
to  UTIs,  amikacin  was  used  in  62.5%  of  the  cases,  with  a
median  duration  of 7  days  (IQR,  3).  The  antibiotics  used for
empirical  treatment  in children  with  infections  by  microor-
ganisms  that  turned  out to be CR  were  amikacin  in 4  (2  with
CR  strains  susceptible  to  amikacin  who  lived,  1  with  a  CR
strain  susceptible  to  amikacin  who  died,  and 1 with  a CR
strain  also  resistant  to  amikacin  who  died),  carbapenem  in 1,
cefepime  in 1,  glycopeptide  in  1  and  polymyxin  in 1  child,  all
4  of who  died  despite  adjustment  of  treatment  based  on  the
results  of  susceptibility  testing.  In all  children  with  infection
by  a CR microorganism,  the empirical  antimicrobial  treat-
ment  was  switched  to  polymyxin,  amikacin,  tigecycline  or  a
combination  thereof  as  soon  as  the culture results  became
available.  Therefore,  the  empirical  treatment  was  appropri-
ate  in 4  children,  of  who  2  still  died,  and  inappropriate  in 4
patients,  all  of  who  died.

A  microorganism  was  isolated  in  38.5%  of  the  analysed
HAIs.  Gram-negative  bacilli  were isolated  most  frequently,
accounting  for 65.9%  of  isolates.  The  aetiological  agent  was
identified  in  17.6%  of  the 74  cases  of VAP  and  in 71.9%.
of  the 32  patients  with  BSI. Pseudomonas  aeruginosa  was
the  pathogen  identified  most  frequently  in cases  of  VAP.  In
the  BSI  group,  isolation  of  gram-positive  cocci  was  more
frequent,  accounting  for 47.3%  of the  cases.  The  most  fre-
quently  isolated  pathogen  in patients  with  UTI was  Klebsiella

pneumoniae  (Table  3).
Of  the total  isolated  microorganisms,  59.1%  exhibited

some  resistance  mechanism,  out  of  which  18  (41%)  were
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Table  1  Clinical  and  epidemiological  characteristics  of  patients  with  hospital-acquired  sepsis  and  their  association  with

mortality.

Clinical  and  epidemiological

characteristics

Total  (n  =  90)  Deceased  (n  =  20)  Survivors  (n =  70)  Pa OR (95%  CI)

n (%)  n  (%)  n (%)

Sex

Female  39  (43.3%)  12  (60%)  27  (38.6%)  .08

Male 51  (56.7%)  8 (40%)  43  (61.4%)

Age

≤12  months  63  (70%)  18  (90%  45(64.3%)  .029  5 (1.07---23.33)

>12 months 27  (30%) 2  (10%) 25  (35.7%)

With comorbidity 59  (66%) 19  (95%) 40  (57.1%) .001  14.25  (1.80---112.46)

Cardiac 15  (16.8%) 8  (40%) 7  (10%) .004  6 (1.83---19.67)

Renal 3  (3.4%)  1 (5%)  2 (2.9%)  .534

Gastrointestinal  7  (7.9%)  1 (5%)  6 (8.6%)  1.00

Metabolic  2  (2.2%)  0(0%)  2 (2.9%)  1.00

Congenital  39  (43.3%)  13  (65%)  26  (37.1%)  .027  3.14  (1.11---8.15)

Haematological  2  (2.2%)  0 (0%)  2 (2.9%)  1.00

Preterm  birth  2  (11.2%)  1 (5%)  9 (12.5%)  .297

Oncological  5  (5.6%)  4 (20%)  1 (1.4%)  .008  17.25  (1.8---164.94)

Diagnosis at  admission

Respiratory  infection  41  (45.6%)  10  (50%)  31  (44.3%)  0.420

Surgery 9  (10%)  1 (5%)  8 (11.4%)  .677

Trauma 12  (13.3%)  0 (0%)  12  (17.1%)  .061

Seizures  9  (10%)  2 (10%)  7 (10%)  .065

Other 19  (21.1%)  8 (40%)  11  (15.7%)  .651

Septic shock 21  (23.3%)  12  (60%)  9 (12.9%)  <.001  10.16  (3.26---31.65)

Noradrenaline  17  (18.9%)  9 (45%)  8 (11.4%)  .002  6.34  (2.01---19.98)

Adrenaline  6  (6.7%)  4 (20%)  2 (2.9)  .021  8.5  (1.43---50.53)

Antimicrobial  drug  resistance

MDR  infection 18  (20%)  3 (15%)  15  (21.4%)  .753

CR Infection 8  (8.9%) 6  (30%)  2 (2.9%)  .001  14.57  (2.66---79.81)

HAI (n  =  114)

VAP 69  (60.52%) 18  (90%)  51  (72.9%)  .141

Recurrent  VAP 5  (4.38%) 4  (20%) 1  (1.4%)  .008  17.25  (1.8---167.94)

CRBSI 32  (34.4%) 7  (35%) 25  (35.7) .953

CAUTI  8  (8.9%)  2 (10%)  6 (8.6%)  1.00

Development  of  2 or  more  HAIs  20  (22.2%)  8 (40%)  12  (17.1)  .03  3.22  (1.08---9.57)

CAUTI, catheter-associated urinary tract infection; CR, carbapenem-resistant; CRBSI, catheter-related bloodstream infection; HAI,  health
care-associated infection; MDR, multidrug-resistant; VAP, ventilator-associated pneumonia.

a Simple logistic regression.

Table  2  Length  of  stay,  duration  of antibiotic  therapy  and  laboratory  results  of  patients  with  hospital-acquired  sepsis  and  their

association with  mortality.

Epidemiological  and  laboratory  characteristics Deceased  (n =  20)  Survivors  (n = 70)  Pa OR  (95%  CI)

Median  (IQR)  Median  (IQR)

Length  of  ICU  stay(days)  17  (44)  13.5  (17)  .118

Length of  hospital  stay  (days)  39  (74)  29.5  (24)  .046  1.00  (0.998---1.020)

Days of  antibiotherapy  14  (29)  14  (11)  .941

Serum lactate  (mmol/L)  1.4  (0.55)  1.95  (2.18)  .718

C-reactive protein  (mg/L)  36.5  (55.8)  54.5  (80.5)  .153

a Simple logistic regression.

MDR organisms  and  8  (18.2%)  were  CR.  In  the subset  of CR
bacteria,  Acinetobacter  baumannii  was  the  causative  agent
for  6 HAIs  (4  BSIs,  1 VAP,  and 1  UTI).  Carbapenem-resistant
Pseudomonas  aeruginosa  was  the cause  of  2  HAIs  (1  BSI  and
1  VAP).

In  the bivariate  analysis,  the  following  factors were asso-
ciated  with  mortality:  age  less  than  or  equal  to  12  months,
presence  of  comorbidity,  congenital  disease,  heart  disease,
neoplasia,  recurrent  VAP,  septic  shock,  use  of noradrenaline
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Table  3  Aetiological  agents  involved  in sepsis  related  to  healthcare-associated  infection.

Microorganism  (n  = 44)  BSI (n  =  23)  n  (%)  VAP  (n  = 13)  n  (%)  UTI  (n =  8) n  (%)

Coagulase-negative  Staphylococcus 9  (39.1%) 0  0

Acinetobacter  baumannii  4  (17.4%)  2 (15.4%)  1  (12.5%)

Candida albicans  4  (17.4%)  0 0

Enterobacter  cloacae  1  (4.3%)  3 (23.1%)  1  (12.5%)

Klebsiella  pneumoniae  1  (4.3%)  0 3  (37.5%)

Staphylococcus  aureus  1  (4.3%)  0 0

Enterococcus spp  1  (4.3%)  0 0

Escherichia  coli  0  0 1  (12.5%)

Pseudomonas  aeruginosa 1  (4.3%) 5  (38.5%) 1  (12.5%)

Klebsiella aerogenes 1  (4.3%) 0  0

Serratia marcescens 0  1 (7.7%) 1  (12.5%)

Stenotrophomonas  maltophilia  0  2 (15.4%)  0

BSI, bloodstream infection; UTI, urinary tract infection; VAP, ventilator-associated pneumonia.

Table  4  Variables  associated  with  death  from  sepsis.

Clinical  characteristics  Total  Deceased  (n =  20)  Survivors  (n = 70)  Pa OR  (95%  CI)

n (%)  n  (%)  N  (%)

Heart disease  15  (16.8%)  8  (40%)  7 (10%)  .002  12.48  (2.55---60.93)

Oncological disease  5 (5.6%)  4  (20%)  1  (1,4%)  .002  58.23  (4.54---746.27)

CR infection  8 (8.9%)  6  (30%)  2  (2.9%)  .001  31.51  (4.01---247.25)

Adrenaline 6 (6.7%)  4  (20%)  2  (2.9)  .003  13.14  (1.35---128.02)

CR, carbapenem-resistant.
a Multiple logistic regression.

and/or  adrenaline,  infection  by  CR  organism  and  having  2  or
more  HAIs  (Table 1). In the multiple  logistic  regression  analy-
sis,  heart  disease,  neoplasia,  infection  by  a  CR  organism  and
adrenaline  use  continued  to be  associated  with  mortality
(Table  4).

Discussion

In  our  study,  the  most  common  HAI  among children  with  sep-
sis  was  VAP,  followed  by  BSI  and  UTI. Most  studies  conducted
in  children  have  found that  BSI  is  the most common  infection
in  this  age  group,3,12,13 although  one  descriptive  analysis  of
the  epidemiology  of HAIs  conducted  in  a PICU  in  the  state  of
Goiás  in Brazil  found  that the  most  frequent  type was  VAP,
followed  by  BSI  and  UTI.14 Hatachi  et al.4 analysed  HAIs  in
the  PICU  setting  and,  in line  with  our  study,  found  no  signif-
icant  differences  in the  association  between  different  HAIs
and mortality.  Thus,  there  appears  to  be  variation  in the
source  of  hospital-acquired  sepsis  and  its association  with
mortality  according  to  study  location.  Based  on  our  findings,
VAP  is still  a concern  in  our hospital,  as  well  as  in  other  PICUs
in  Brazil  and  worldwide.

As  regards  the isolated  microorganisms,  the most
frequent  were  gram-negative  bacilli,  followed  by  coagulase-
negative  Staphylococcus  spp.  In a multicentre  study
conducted  in  Europe,  Zingg  et al3 found  similar  results.
A  study  in  Brazil  found  a predominance  of  Staphylococcus

aureus  in  the  PICU  setting,  followed  by  Enterobacter  spp.15

Another  study  conducted  in data  from  the National  Noso-
comial  Infections  Surveillance  System  of  the  United  States

also  found  a higher  prevalence  of  Staphylococcus  aureus  in
paediatric  patients.16 The  authors  of  a systematic  review  of
evidence  of children  with  sepsis  who  died  reported  a preva-
lence  of gram-negative  bacilli  of  41%  in developed  countries
and  14%  in developing  countries.7

Considering  the  3 types  of HAI  under  study,  coagulase-
negative  Staphylococcus  was  the  most  frequent  aetiological
agent  of BSIs,  which  was  consistent  with  the findings
of  a  study  conducted  in China  that  reported  a propor-
tion  of  44.4%  of  BSI  cases  caused  by  this pathogen.17 In
Brazil,  in a study conducted  in a  PICU in  the state  of
São  Paulo,  gram-positive  bacteria  were  isolated  in 72%  of
BSI  cases.18 Other  authors  have  described  a  higher  preva-
lence  of  Enterococcus  faecalis  in children  in the United
States.16

Although  an  aetiological  agent  was  only isolated  in 17.6%
cases  of  VAP,  other  authors  have  also  reported  low  rates of
microbiologically-confirmed  VAP ranging  from  24.4%  to  54%
of  total  cases.16,19 The  most  frequently  identified  aetiologi-
cal  agent  of  VAP  in  our  study  was  Pseudomonas  aeruginosa.

A  study  in India  analysed  the  aetiology  of  VAP  in  PICUs
and  found  a  higher  prevalence  of  nonfermenting  gram-
negative  bacilli,  most  frequently  Acinetobacter  baumannii

and  followed  by  Pseudomonas  aeruginosa19;  another  study
conducted  in  the  United  States  found that  the highest
frequency  corresponded  to  Staphylococcus  aureus,  also  fol-
lowed  by  Pseudomonas  aeruginosa.16

In  the  group  of  UTI  cases  we  analysed,  the  most
common  microorganism  was  Klebsiella  pneumoniae. Lake
et  al.20 examined  data  for  children  in the  United  States
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between  2011  and 2014  and  reported  a  predominance  of
Escherichia  coli, followed  by  Pseudomonas  aeruginosa  and
Klebsiella  pneumoniae.  In  a  study  conducted  in a  PICU in
India,  Samraj  et al.21 found  the highest  frequency  for  the
Candida  fungus,  followed  by  Escherichia  coli.  In  the  adult
population,  Klebsiella  pneumoniae  was  the second  most
commonly  found  pathogen  in  UTIs  associated  with  indwelling
urinary  catheters,  with  a high  prevalence  of  antimicro-
bial  resistance.22,23 Another  study  conducted  in Spain  that
included  104  PICU  admissions  over  a  1-year  period  concluded
that  only  6 children  had UTIs,  4  caused  by Escherichia  coli

and  2  by  Candida  albicans.24 A  Brazilian  study  conducted  in
an  adult  ICU in the state  of  Minas Gerais  between  2009  and
2010  found  a prevalence  of  UTI  of  4.3%  with  a  predominance
of  Candida  albicans,  followed  by  Pseudomonas  aeruginosa

and  Enterobacter  aerogenes.25

In  our  study,  we  analysed  factors  associated  with
mortality  in children  with  HAIs  and  sepsis.  A  Brazilian
epidemiological  study  that  included  children  and  adults
found  an  overall  mortality  by  sepsis  in  the  ICU  of  64.5%,9

higher  than the  rate  we  found.  The  mortality  due  to
hospital-acquired  sepsis  was  22.2%.  A systematic  review  and
meta-analysis  published  by  Tan  et al.7 evaluated  94  stud-
ies  on  mortality  due  to  severe  sepsis  and septic  shock  in
countries  worldwide  with  representation  of  every  continent
and  found  a pooled  mortality  of  24.7%,  similar  to  the mor-
tality  in  our  cohort.  In a study  of  PICUs  in South  America,
sepsis-related  mortality  was  14.3%  and increased  to  23.1%
in  the  case  of  septic  shock.26 Another  analysis  showed  that
the presence  of  septic  shock  was  associated  with  a six-
fold  increase  in  the  risk  of  death  in the PICU.27 Our  study
showed  that  the  mortality  due  to  sepsis  in cases  who  pro-
gressed  to  septic  shock  was  60%.  In  the bivariate  analysis,
the  presence  of  septic  shock  and the use  of noradrenaline
or  adrenaline  were  associated  with  mortality;  the latter
association  remained  significant  in the multiple  regression
analysis.

Death  from  sepsis  was  associated  with  age less  than  12
months.  Ruth  et al.,28 who  analysed  data  from  a  PICU  in
the  United  States,  found that  age less  than  1  year  was
associated  with  sepsis-related  death.  Jaramillo-Bustamante
et al.27 found  a three-fold  increase  in  the  probability  of
death  from  sepsis  in children  aged  less  than  2 years  in Colom-
bia.

The  presence  of  comorbidities  was  significantly  associ-
ated  with  death  in our  sample,  and similar  results  were
published  by Schlapbach  et  al.,29 who  reported  a  two-fold
increase  in risk  of death  in  children  with  chronic  disease.
Souza  et  al.26 analysed  sepsis  in PICUs  in 5 countries  in
South  America  and reported  a  statistically  significant  associ-
ation  between  comorbidities  and  mortality,  concluding  that
the  diseases  present  in nonsurvivors  were  most  frequently
congenital  or  cardiovascular.

Ruth  et  al.28 also  found  an association  between  under-
lying  cardiovascular  and  oncological  disease  and  an almost
two-fold  increase  in  the  probability  of  death  due  to  sepsis
in  children,  an association  that  remained  significant  in the
multiple  regression  analysis  in our  study.

In the  SPROUT  study,  Weiss  et  al.30 analysed  data  cor-
responding  to  children  in  26  countries  on every  continent
and  found  no  significant  association  between  comorbidities
or age  and  death  from  sepsis;  however,  the mortality  was

higher  in younger  children  with  oncological,  renal  or  immun-
odeficiency  diseases.

Recurrent  VAP  was  associated  with  mortality,  which  dif-
fered  from  the study  by  Combes  et  al.31 in  France,  who  did
not  find  a  significant  difference  in mortality  in adult individu-
als  with  one  versus  more  episodes  of  VAP. However,  variables
such  as  age and  severity  scores  were  associated  with  mor-
tality  in these  patients.  Another  study  showed  an increase
in  mortality  in adult  patients  with  more  than  one  episode  of
VAP,  but  the difference  was  not  statistically  significant.32

The  association  between  mortality  and  infection  by
carbapenem-resistant  bacteria  remained  significant  in the
multiple  regression  analysis,  in  agreement  with  the  previous
the  literature.  A report  issued  by  the  Centers  for  Disease
Control  and  Prevention33 of  the United  States  stated that
more  than  half  of  bloodstream  infections  caused  by  CR bac-
teria  resulted  in  death.  Alvares  et  al.34 analysed  mortality  in
children  with  sepsis  due  to  CR  bacteria  in Brazil  and found
that  56.4%  died  in the CR  group  compared  to 4.65%  in the
non-CR  group  (P  < .0001).  Another  study  conducted  in the
United  States  also  found  a six-fold  increase  in the risk  of
death  in  children  with  infection  by  CR  bacteria.35

The  presence  of two  or  more  HAIs  was  associated  with
death  from  sepsis,  similar  to  what  has  been  reported  in
adults  with  multiple  sites  of  infection  and  higher  mortality
due  to  sepsis.36

Although  lactate  levels  were  not statistically  associated
with  mortality,  previous  studies  have  found  an  association
between  an increase  in lactate  and  mortality  due  to  sepsis
in  children.  A cohort  study  in  the  United  States  concluded
that  an  early  lactate  level greater  than 4  mmol/L  is  associ-
ated  with  a  three-fold  increase  in the  probability  of death.37

Jaiswal  et  al.38 found significantly  higher  lactate  levels
among  nonsurvivors  and reported  that  the lactate  level 6  h
after  diagnosis  is  an important  predictor  of mortality.

The  level  of  C-reactive  protein  (CRP)  was  also  not associ-
ated  with  death.  A  retrospective  study  of children  in Israel
found  a statistically  significant  association  between  CRP  lev-
els  of  30  mg/dL  or  greater  and  mortality;  the authors  used
the  highest  recorded  CRP level  of  the patient  during  the  hos-
pital  stay  in the  analysis.39 A  Brazilian  study  that  analysed
CRP  levels  in  adult  patients  with  sepsis  in the ICU  found  signi-
ficantly  higher  levels  in those  who  died.  The  test  was  a  good
predictor  of mortality  for  that  population,  but  the authors
performed  serial  measurements  of CRP.40 The  associations  of
increased  CRP  and lactate  levels  with  death  found  in these
two  studies  may  be  explained  by  the performance  of  testing
closer  to  the  day of  death.  In our  study,  we  analysed  the
association  with  early  CRP  levels, measured  soon  after the
diagnosis  of  sepsis,  along  with  lactate  levels.

This  study  has some  limitations.  It  had  a retrospective
design,  was  conducted  in a  single  centre  study,  and  the
number  of  patients  was  small  due  to  the  few  beds  in the
participating  PICU,  which  may  have  hindered  the statistical
power  in inference  analyses.  Our  analysis  of  sepsis  secondary
to  other  HAIs,  such  as  surgical  infection,  meningitis,  diar-
rhoea  or  skin  infection,  might have  also  hindered  it.  In
addition,  the  patients  were  not stratified  by  severity,  and
we  did  not evaluate  whether  the initial empirical  antibiotic
treatment  of  all the HAIs  was  appropriate  for  the microor-
ganism  isolated  in the  culture.  Factors  such as  these  may
have  been a  source of bias  in the  results.
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On the  other  hand,  this  study  contributes  to  increasing
our  knowledge  about  important  causes  of  mortality  in  the
PICU.  The  results  of our study  can  be  added  to  the  data
of  other  university  hospitals25,26,34 that  manage  complex
patients  with  severe  illnesses.  In addition,  in  our  hospi-
tal,  the  frequent  changes  in care  teams,  including  many
students,  have  been a  challenge  to  improve  training  in
preventive  measures  against  infection  and microorganism
transmission.  At  this point,  CR  bacteria  are prevalent  in
our  PICU.  We  want  to  highlight  this  issue,  as  it reflects
the  considerable  challenge  of  controlling  the  spread  of
multidrug-resistant  bacteria,  the  ensuing  difficulty  in the
treatment  of  these  infections  and the high  associated  mor-
tality.

Conclusion

Hospital-acquired  sepsis  had  a high  fatality  rate  in  the PICU
in  our  hospital.  The  outcomes  were  poorer  in the youngest
patients,  patients  who  required  vasopressor  drugs,  patients
with  heart  disease  or  malignant  tumours  and  patients  with
infections  caused  by  carbapenem-resistant  bacteria.

Funding

This research  project  did  not receive  specific  financial
support  from  funding  agencies  in the  public,  private  or  not-
for-profit  sectors.

Conflict  of  interests

The authors  have  no conflicts  of interest  to  declare.

References

1. Allegranzi B, Bagheri Nejad S, Combescure C, Graafmans
W, Attar H, Donaldson L,  et al. Burden of  endemic health-
care-associated infection in developing countries: systematic
review and meta-analysis. Lancet. 2011;377(9761):228---41,
http://dx.doi.org/10.1016/S0140-6736(10)61458-4.

2. Leoncio JM, Almeida VF, Ferrari RAP, Capobiango JD, Ker-
bauy G, Tacla MTGM. Impact of  healthcare-associated
infections on the hospitalization costs of children. Rev
Esc Enferm USP. 2019;53:e03486, http://dx.doi.org/10
.1590/S1980-220X2018016303486.

3. Zingg W, Hopkins S,  Gayet-Ageron A, Holmes A, Sharland
M, Suetens C, ECDC PPS study group. Health-care-associated
infections in neonates, children, and adolescents: an anal-
ysis of paediatric data from the European Centre for
Disease Prevention and Control point-prevalence survey.
Lancet Infect Dis. 2017;17(4):381---9, http://dx.doi.org/10
.1016/S1473-3099(16)30517-5.

4. Hatachi T,  Inata Y, Moon K, Kawamura A, Yoshida K,
Kinoshita M, et  al. Effects of healthcare-associated
infections on length of PICU stay and mortality. Pediatr
Crit Care Med. 2019;20(11):e503---9, http://dx.doi.org/10
.1097/PCC.0000000000002096.

5. Urrea M, Pons M, Serra M, Latorre C, Palomeque A. Prospec-
tive incidence study of  nosocomial infections in a pediatric
intensive care unit. Pediatr Infect Dis J. 2003;22(6):490---4,
http://dx.doi.org/10.1097/01.inf.0000069758.00079.d3.

6. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D,
Kievlan DR, et  al. Global, regional, and national sepsis

incidence and mortality, 1990-2017: analysis for the Global
Burden of  Disease Study. Lancet. 2020;395(10219):200---11,
http://dx.doi.org/10.1016/S0140-6736(19)32989-7.

7. Tan B, Wong JJ, Sultana R, Koh JCJW, Jit M, Mok YH,
et al. Global case-fatality rates in pediatric severe sepsis
and septic shock: a systematic review and meta-analysis.
JAMA Pediatr. 2019;173(4):352---62, http://dx.doi.org/10.
1001/jamapediatrics.2018.4839.

8. Rhee C, Wang R,  Zhang Z,  Fram D, Kadri SS, Klompas M,
CDC Prevention Epicenters Program. Epidemiology of hospital-
onset versus community-onset sepsis in U.S. hospitals and
association with mortality: a retrospective analysis using
electronic clinical data. Crit Care Med. 2019;47(9):1169---76,
http://dx.doi.org/10.1097/CCM.0000000000003817.

9. Quintano Neira RA, Hamacher S, Japiassú AM. Epidemiol-
ogy of sepsis in Brazil: incidence, lethality, costs, and other
indicators for Brazilian Unified Health System hospitaliza-
tions from 2006 to 2015. PLoS One. 2018;13(4):e0195873,
http://dx.doi.org/10.1371/journal.pone.0195873.

10. Goldstein B, Giroir B, Randolph A, International Consensus
Conference on Pediatric Sepsis. International pediatric sepsis
consensus conference: definitions for sepsis and organ dys-
function in pediatrics. Pediatr Crit Care Med. 2005;6(1):2---8,
http://dx.doi.org/10.1097/01.PCC.0000149131.72248.E6.

11. Weiss SL, Fitzgerald JC, Maffei FA, Kane JM, Rodriguez-
Nunez A, Hsing DD, et al. Surviving sepsis campaign
international guidelines for the management of septic
shock and sepsis-associated organ dysfunction in children.
Intensive Care Med. 2020;46(2):10---67, http://dx.doi.org/10.
1186/s13054-015-1055-x.

12. Folgori L, Bernaschi P, Piga S,  Carletti M,  Cunha FP, Lara
PH, et  al. Healthcare-associated infections in pediatric and
neonatal intensive care units: impact of underlying risk fac-
tors and antimicrobial resistance on 30-day case-fatality in Italy
and Brazil. Infect Control Hosp Epidemiol. 2016;37(11):1302---9,
http://dx.doi.org/10.1017/ice.2016.185.

13. Ciofi Degli Atti ML, Cuttini M, Ravà L,  Ceradini J, Paolini
V, Ciliento G, et  al. Trend of healthcare-associated infec-
tions in children: annual prevalence surveys in a research
hospital in Italy, 2007-2010. J  Hosp Infect. 2012;80(1):6---12,
http://dx.doi.org/10.1016/j.jhin.2011.11.004.

14. Lopes IKO, Brito RMM, Lima MCG, Santos DCL. Epi-
demiologia das infecções relacionadas à assistência à
saúde em unidade de terapia intensiva pediátricas do
estado de Goiás. J  Infect Control. 2018;7(2), https://jic-
abih.com.br/index.php/jic/article/view/209, 2018 [accessed
31  December 2022].

15. Freire ILS, Menezes LCC, Sousa NML, Araujo RO, Vas-
concelos QLDAQ, Torres GV. Epidemiologia das Infecções
Relacionadas à  Assistência à Saúde em Unidade de Ter-
apia Intensiva Pediátrica. Revista Brasileira de Ciências
da Saúde - USCS. 2013;11(35):9---15, http://dx.doi.org/10
.13037/rbcs.vol11n35.1675.

16. Weiner-Lastinger LM, Abner S,  Benin AL, Edwards JR, Kallen
AJ, Karlsson M, et al. Antimicrobial-resistant pathogens associ-
ated with pediatric healthcare-associated infections: Summary
of data reported to the National Healthcare Safety Network,
2015-2017. Infect Control Hosp Epidemiol. 2020;41(1):19---30,
http://dx.doi.org/10.1017/ice.2019.297.

17. Qiu Y, Yang J, Chen Y, Yang J, Zhu Q, Zhu C, et al.,
Collaborative Working Group of the Pediatric Subgroup of
the China Society of Infectious Diseases. Microbiological
profiles and antimicrobial resistance patterns of pediatric
bloodstream pathogens in China, 2016-2018. Eur J  Clin
Microbiol Infect Dis. 2021;40(4):739---49, http://dx.doi.org/10
.1007/s10096-020-04069-2.

18. Torre FPF, Baldanzi G, Troster EJ. Risk  factors for vascular
catheter-related bloodstream infections in pediatric inten-

7

dx.doi.org/10.1016/S0140-6736(10)61458-4
dx.doi.org/10.1590/S1980-220X2018016303486
dx.doi.org/10.1590/S1980-220X2018016303486
dx.doi.org/10.1016/S1473-3099(16)30517-5
dx.doi.org/10.1016/S1473-3099(16)30517-5
dx.doi.org/10.1097/PCC.0000000000002096
dx.doi.org/10.1097/PCC.0000000000002096
dx.doi.org/10.1097/01.inf.0000069758.00079.d3
dx.doi.org/10.1016/S0140-6736(19)32989-7
dx.doi.org/10.1001/jamapediatrics.2018.4839
dx.doi.org/10.1001/jamapediatrics.2018.4839
dx.doi.org/10.1097/CCM.0000000000003817
dx.doi.org/10.1371/journal.pone.0195873
dx.doi.org/10.1097/01.PCC.0000149131.72248.E6
dx.doi.org/10.1186/s13054-015-1055-x
dx.doi.org/10.1186/s13054-015-1055-x
dx.doi.org/10.1017/ice.2016.185
dx.doi.org/10.1016/j.jhin.2011.11.004
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
http://refhub.elsevier.com/S2341-2879(24)00184-4/sbref0070
dx.doi.org/10.13037/rbcs.vol11n35.1675
dx.doi.org/10.13037/rbcs.vol11n35.1675
dx.doi.org/10.1017/ice.2019.297
dx.doi.org/10.1007/s10096-020-04069-2
dx.doi.org/10.1007/s10096-020-04069-2


ARTICLE IN PRESS
+Model

A.C.A.  Amarante,  A.  Linck  Junior,  R.A.P.  Ferrari  et al.

sive care units. Rev Bras Ter Intensiva. 2018;30(4):436---42,
http://dx.doi.org/10.5935/0103-507X.20180066.

19. Vijay G, Mandal A, Sankar J,  Kapil A, Lodha R, Kabra
SK. Ventilator associated pneumonia in pediatric inten-
sive care unit: incidence, risk factors and etiological
agents. Indian J Pediatr. 2018;85(10):861---6, http://dx.doi.org/
10.1007/s12098-018-2662-8.

20. Lake JG, Weiner LM, Milstone AM, Saiman L,  Magill SS, See
I. Pathogen distribution and antimicrobial resistance among
pediatric healthcare-associated infections reported to the
national healthcare safety network, 2011-2014. Infect Con-
trol Hosp Epidemiol. 2018;39(1):1---11, http://dx.doi.org/10
.1017/ice.2017.236.

21. Samraj RS, Stalets E, Butcher J, Deck T,  Frebis J,  Helpling
A,  et al. The Impact of Catheter-Associated Urinary Tract
Infection (CA-ITU) in Critically Ill Children in the Pediatric
Intensive Care Unit. J Pediatr Intensive Care. 2016;5(1):7---11,
http://dx.doi.org/10.1055/s-0035-1568148.

22. Al Yousef SA, Younis S, Farrag E, Moussa HSH, Bayoumi
FS, Ali AM. Clinical and Laboratory Profile of  Urinary Tract
Infections Associated with Extended Spectrum �-Lactamase
Producing Escherichia coli and Klebsiella pneumoniae. Ann
Clin Lab Sci. 2016;46(4):393---400 https://pubmed.ncbi.nlm
.nih.gov/27466299/

23. Albu S, Voidazan S,  Bilca D, Badiu M,  Truţă A, Ciorea M,
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