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Abstract
Objective:  The  use  of  broad-spectrum  antimicrobials,  such  as  third  and  fourth-generation,
are responsible  for  emergence  of  multidrug-resistant  microorganisms  in  neonatal  units.  Fur-
thermore,  antimicrobial  daily  doses  are  not  standardized  in  neonatology.  This  study  aimed
to investigate  the  association  between  the  use  of  antimicrobial  broad  spectrum  to  bacterial
sensitivity profile  in  a  referral  unit  of  neonatal  progressive  care.
Methods:  This  is  a  cohort  study  conducted  in  a  referral  neonatal  progressive  care  unit  from
January 2008  to  December  2016.  The  data  of  all  hospitalized  neonates  was  collected  daily.  The
infection  criteria  used  were  the  standardized  national  criteria,  based  on  definitions  of  Center
for Diseases  Control  and  Prevention.  In  this  study,  the  use  of  antimicrobials  was  evaluated  as
antimicrobial-day  (ATM-day)  and  the  ratio  of  multidrug-resistant  microorganisms  per  1000  ATM-
day of  broad  spectrum  was  also  calculated.  The  study  was  approved  by  the  Institutional  Review

Board of  the  Universidade  Federal  de  Minas  Gerais  (ETIC  312/08  e  CAAE  58973616.2.0000.5149).
Results:  From  2008  to  2016,  2751  neonates  were  hospitalized,  corresponding  to  60,656  patient-
days. The  ratio  of  multidrug-resistant  microorganisms  per  1000  ATM-day  of  broad  spectrum  was
1,3 in  the  first  period  and  4,3  in  the  second  period  (p  =  0,005).

� Study conducted at Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil.
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Conclusion:  It  was  observed  that  use  of  broad-spectrum  antimicrobials,  especially  those  with
coverage for  Gram-negative  bacteria,  was  associated  with  an  increase  of  multidrug-resistant
bacteria.
© 2020  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
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ealthcare-associated  infections  (HAI)  are  a  main  cause  of
orbidity  and  mortality  in  newborns.1---6 As  an  empirical

uide  to  treat  these  types  of  infections,  they  are  grouped
nto  two  categories,  early  and  late  onset-infections.1,3,7---12

or  the  treatment  of  early  sepsis,  the  bacteria  in  the  mater-
al  genital-urinary  tract  are  considered;  for  late  sepsis,  the
icrobiological  profile  of  the  neonatal  unit  must  be  taken

nto  account.1,3,7---12

Usually,  the  symptoms  of  HAI  are  nonspecific  and  similar
o  other  common  conditions  of  neonates,  such  as  respira-
ory,  metabolic,  hydro  electrolytic,  and  thermoregulatory
isorders.1,6---11 Timely  treatment,  however,  is  essential  for
mproving  the  prognosis  of  infants.  Antimicrobial  therapy
s  usually  initiated  without  laboratory  confirmation.6---11 In
ddition,  it  is  difficult  to  obtain  two  blood  samples  in
olumes  needed  for  culture,  so  sepsis  treatment  is  often
nitiated  based  on  clinical  symptoms,  leading  to  eight-fold
ncreases  in  the  levels  of  antimicrobial  consumption.7,9

Recently,  there  has  been  an  increase  in  HAI  associated
ith  resistant  bacteria  in  neonatal  units  with  high  morbid-

ty  and  mortality  rates  and  raises  hospital  costs,1,4,9,13---15

ith  the  progressive  increase  of  resistance.2,8,10,16 It
as  been  recognized  that  excessive  use  of  antibiotics,
specially  broad-spectrum  types,  is  a  fundamental  fac-
or  facilitating  the  onset  of  new  bacterial  resistance
echanisms.1,7,8,10,13---17

Well-designed  studies  on  this  topic  are  scarce,  but
ome  have  shown  the  importance  of  stewardship  programs
n  neonatal  units.9,14,15,18,19 These  studies  have  indicated
hat  treatment  should  be  precisely  installed  and  should
tilize  antimicrobials  with  reduced  spectrums.  There-
ore,  the  use  of  broad-spectrum  antimicrobials,  such  as
hird-  and  fourth-generation  cephalosporins,  vancomycin,
nd  carbapenems,  should  be  indicated  only  for  select
ases  to  prevent  the  emergence  of  multidrug-resistant
icroorganisms.2,3,7,8,10,12,13

This  study  aimed  to  investigate  the  association  between
he  use  of  broad-spectrum  antimicrobials  on  bacterial  sensi-
ivity  profiles  in  a  referral  unit  of  neonatal  progressive  care.
n  addition,  the  authors  proposed  an  investigation  of  the
ssociation  between  the  density  of  multidrug-resistant  bac-
eria  and  the  use  of  broad-spectrum  antimicrobials  (ATM)
valuated  as  ATM-day.

ethods
his  cohort  study  was  conducted  at  the  Neonatal  Unit  of  the
ospital  das  Clínicas  of  Universidade  Federal  de  Minas  Gerais

rom  January  2008  to  December  2016,  a  tertiary  referral
niversity  medical  center.
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Qualified  and  trained  professionals  of  the  hospital  infec-
ion  control  commission  (HICC)  routinely  and  systemically
ollect,  through  active  surveillance  of  medical  records  and
iscussion  of  cases  with  the  care  team,  data  regarding
ewborns  considered  to  be  under-risk  for  HAI,  according
o  legislation  recommendation.  The  infection  criteria  used
ere  are  the  same  as  those  standardized  by  the  Brazilian
ealth  Surveillance  Agency  (Agência  Nacional  de  Vigilância
anitária  (ANVISA])  and  are  based  on  criteria  formulated  by
he  Centers  for  Disease  and  Control  (CDC)  and  the  National
ealthcare  Safety  Network  (NHSN).

Microbiological  identification  was  performed  using  an
utomated  method  (VITEK2)  and  with  a  diffusion  sensitivity
est  in  agar  (Kirby  Bauer)  to  confirm  the  resistance  profile.
he  sensitivity  profile  of  microorganisms  was  established  by
he  CCIH  and  is  based  on  the  Clinical  &  Laboratory  Standards
nstitute  (CLSI)  guidelines.

This  study  included  the  following  variables  for  analysis:
otified  HAI  frequency,  number  of  patients  at  risk,  patient-
ays,  patients  with  HAI,  HAI  cumulative  incidence  (number
f  HAI  for  100  patients  at  risk),  and  HAI  incidence  den-
ity  (number  of  HAI  per  1.000  patient-days).  HAI  incidence
ensity  was  also  stratified  in  a control  chart  according  to
he  birth  weight  and  topography  of  the  infection.  In  addi-
ion,  a  chart  control  was  created  using  the  mean  incidence
ensity,  the  alert  threshold  (two  standard  deviations),  and
he  control  limit  (three  standard  deviations)  for  follow-up
eporting  over  time.  Mean  and  endemic  limits  were  calcu-
ated  from  monthly  HAI  rates  per  1.000  patient-days.  The
odel  selected  for  the  representation  of  the  graphic  rate
as  a  U-type  and  was  based  on  a  Poisson  probability  distri-
ution.  The  periods  defined  for  comparison  considered  the
ontrol  chart,  which  indicated  an  increase  in  the  number
f  infections  by  multidrug-resistant  microorganisms  isolated
fter  2012.  Thus,  the  two  periods  for  comparison  were,  from
008  to  2012  and  from  2013  to  2016.

As  antimicrobial  consumption  is  not  standardized
or  neonatology,  in  this  study,  the  use  of  antimicro-
ials  was  evaluated  by  ATM-day,  which  is  the  sum  of
he  total  days  of  exposure  to  each  antimicrobial.  The
ame  calculation  was  also  performed  for  each  broad-
pectrum  antimicrobial  analyzed.  The  incidence  density  of
ultidrug-resistant  microorganisms  per  1000  ATM-days  of
road-spectrum  antimicrobials  was  calculated,  along  with
he  resistance  density  per  group  of  bacteria  (Gram-positive
r  Gram-negative)  per  ATM-specific  day.  Broad-spectrum
ntimicrobials  were  considered  as  those  that  were  not  the
rst  choice  for  the  treatment  of  the  etiological  agent  in  the
icroorganism  sensitivity  profile.  The  mid-test  was  used  to
ompare  incidence  densities  calculated  between  the  peri-
ds.  Statistical  significance  was  considered  if  p  ≤  0.05.

The  study  was  approved  by  the  Institutional  Review
oard  of  the  Federal  University  of  Minas  Gerais  and  the
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Table  1  Distribution  of  multidrug-resistant  bacteria  in  late  healthcare-associated  infections,  per  year,  in  a  neonatal  reference
unit, Belo  Horizonte-MG,  Brazil,  2008  to  2016.

Multidrug-resistant  bacteria  2008  2010  2011  2012  2013  2014  2015  2016  Total

Acinetobacter  baumannii 0  0  0  1  1  1  1  1  5
Acinetobacter  lwoffii  1  0  0  0  0  0  0  0  1
Enterobacter  cloacae  0  1  2  1  0  0  0  0  4
Enterococcus  faecalis  0  0  0  0  0  1  0  0  1
Klebsiella pneumoniae  0  0  0  2  1  3  11  0  17
Pseudomonas  aeruginosa  0  0  0  0  0  0  0  1  1
Serratia marcescens  0  0  0  0  2  0  0  0  2
Staphylococcus  aureus  3  1  0  0  1  0  0  0  5

4  5  5  12  2  36
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Figure  1  Broad  spectrum  antimicrobial-day/Pac-day  antimi-
crobial  ratio  and  multidrug-resistant  microorganism  density  per
patient-day  in  a  neonatal  reference  unit,  Belo  Horizonte-MG,
from 2008  to  2016.
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Total 4 2  2  

eed  for  a  signed  informed  consent  was  waived,  as  the
ata  included  was  institutional  (ETIC  312/08  and  CAAE
8973616.2.0000.5149).

esults

rom  2008  to  2016,  2751  neonates  were  hospitalized,  corre-
ponding  to  60,656  patient-days.  A  total  of  1398  infections
ere  diagnosed,  1106  of  which  were  systemic  bacterial

nfections,  requiring  venous  antimicrobial  treatment.  HAI
ncidence  density  throughout  the  study  period  was  23  per
000  patient-day  and  the  ATM-day/patient-day  ratio  was
.367.

A  total  of  92%  of  patients  admitted  to  the  unit  weighed
bove  1000  g;  however,  the  incidence  density  of  HAI  per
eight  range  was  higher  in  the  group  under  750  g  (34,6  per
000  patients-day).  When  analyzing  HAI  by  topography,  a
igher  incidence  density  of  laboratory-confirmed  late-onset
epsis  was  observed  (6.2  per  1000  patients-day).

During  the  nine-year  period,  36  multidrug-resistant  bac-
erial  infections  were  identified.  In  2009,  no  HAI  from  these
acteria  was  identified.  The  types  of  microorganisms  iden-
ified  and  their  distributions  over  the  years  investigated  in
his  study  are  shown  in  Table  1.

When  analyzing  antimicrobial-day/patient-day  and
road-spectrum  antimicrobials-day/patient-day,  it  was
ossible  to  observe  a  decreasing  tendency  for  antimicrobial-
ay/patient-day  use  after  2012.  Nevertheless,  when
his  curve  is  superimposed  on  the  multidrug-resistant
icroorganism  density  curve,  progressive  increases  in  the
ensity  of  microorganisms  can  be  observed  (Fig.  1).
he  increased  incidence  density  of  multi-resistant
icroorganisms/patient-day  can  also  be  observed  in

he  control  chart  (Fig.  2),  which  was  associated  with
ncreases  in  the  reporting  of  ESBL-producing  Klebsiella
neumoniae  and  it  reached  alert  level  in  2015.

It  was  also  observed  an  increase  in  the  density  of
ultidrug-resistance  to  broad-spectrum  antimicrobials  after

012.  This  increase  was  observed  when  the  analysis  was
erformed  including  all  antimicrobials  and  also  for  broad-
pectrum  antimicrobials  for  Gram-negative  bacteria.
When  evaluating  the  use  of  all  broad-spectrum  antimi-
robial  groups,  the  use  of  carbapenems  and  third-  and
ourth-generation  cephalosporins  provided  a  significant
ncrease  in  multidrug-resistant  microorganism  density  for

s
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ensity,  in  neonatal  reference  unit,  Belo  Horizonte-MG  from
008 to  2016.

ntimicrobial-day  in  the  second  period  of  study.  How-
ver,  for  aminopenicillin  associated  with  the  �-lactamase
nhibitors,  the  opposite  trend  was  observed,  with  signif-
cant  reductions  in  multi-resistant  microorganism  density
y  antimicrobial-day.  Regarding  Gram-positive  bacteria,  no
tatistically  significant  differences  were  observed  in  rela-
ion  to  antimicrobials  administered,  even  when  vancomycin

as  analyzed  separately,  despite  the  increase  in  incidence
ensity  use  (Table  2).

1
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Table  2  Multidrug-resistant  bacteria  frequency  over  antibiotic-day  by  antimicrobial  for  all  multidrug-resistant  bacteria  and  for
Gram-negative  and  Gram-positive  bacteria,  in  two  periods,  in  a  neonatal  reference  unit,  Belo  Horizonte-MG,  Brazil,  from  2008
to 2016.

Antibiotic  MR  bacteria  ATM-day  MR/ATM-day  P  (MID  test)

2008−2012  2013−2016  2008−2012  2013−2016  2008−2012  2013−2016

Meropenem/imipinem  6  13  970  761  6.2  17.1  0.0364
3rd and  4th  generation

cephalosporin
6  13  1.922  674  3.1  19.3  0.0001

Ampicillin and  sulbactam
OR  Amoxicillin  with
clavulanate

6  13  4  204  1.500  63.5  <0.0000

Vancomycin/teicoplamine  2  2  4.229  2.117  0.5  0.9  0.5192
All broad-spectrum

antibiotics  (Gram
positive)

2  2  6.241  3.486  0.3  0.6  0.5865

All broad-spectrum
antibiotics  (Gram
negative)

6  13  6.241  3.486  1.0  3.7  0.0048

All broad-spectrum
antibiotics  (All  bacteria)

8  15  6.241  3.486  1.3  4.3  0.0050

if p≤
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Significance of bold value: Statistical significance was considered 

iscussion

n  the  referral  neonatal  unit  where  the  present  study  was
onducted,  a  higher  HAI  incidence  density  was  observed  in
ewborns  with  birth  weights  below  1000  g,  especially  late
nset  sepsis.  Preterm  infants  generally  undergo  more  inva-
ive  procedures  and  are  hospitalized  for  a  greater  length  of
ime  than  higher  birth  weight  infants;  the  literature  indi-
ates  that  these  are  risk  factors  for  late  sepsis  and  high
ortality.6,20 These  factors  justify  the  greater  use  of  ATM

n  this  age  group,  especially  in  newborns  weighing  less  than
50  g.

A  review  showed  that  global  consumption  of  antibiotics
as  risen  36%  from  2000  to  2010.  BRICS  countries  (Brazil,
ussia,  India,  China,  and  South  Africa)  contributed  to  75%
f  this  increase  while  accounting  for  only  40  %  of  the
orld’s  population.  The  same  review  cited  one  study  includ-

ng  226  hospitals  in  Europe,  Africa,  and  South  East  Asia
hat  reported  a  40%  of  pathogens  resistant  to  the  first-line
ntibiotics  as  recommended  by  World  Health  Organization
WHO).14 In  Senegal,  Landre-Peigne  et  al.21 observed  a  pos-
tive  association  of  increased  consumption  of  antibiotics
nd  number  of  multidrug-resistant  bacteria.  Conversely,  in
he  present  unit  an  increase  of  multidrug-resistant  bacte-
ia  was  observed  over  the  time,  despite  the  reduction  in
he  use  of  broad-spectrum  antimicrobials  when  ATM-day
as  considered.  This  reduction  is  likely  associated  with

he  modification  of  the  vancomycin  to  oxacillin  empirical
cheme  for  late  sepsis  treatment  in  the  second  period  of
tudy  in  this  neonatal  unit.  International  studies,6,20,22,23 as
ell  another  research  in  the  same  neonatal  unit,24 have
emonstrated  that  replacing  vancomycin  with  oxacillin  can

e  done  safely  and  without  increasing  mortality  when  con-
idering  coagulase-negative  Staphylococcus.  Moreover,  the
verall  incidence  of  multidrug-resistant  Gram-positive  bac-
eria  remained  relatively  constant  throughout  the  present

w
a
g
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0,05.

tudy,  with  no  statistical  difference  observed.  This  was
robably  due  to  the  low  incidence  of  HAI  caused  by  Staphy-
ococcus  aureus  and  Enterococcus  sp.  in  the  neonatal  unit
f  this  study  and  the  modification  of  empirical  therapy  as
escribed.

In 2002,  the  Center  for  Diseases  Control12 published  the
welve-step  recommendation  for  bacterial  resistance  pre-
ention,  which  reinforces  the  need  for  a  careful  choice  of
ntimicrobial,  which  should  be  used  for  the  shortest  time
equired,  as  well  as  restriction  and  adequacy  according
o  microbiological  results.  Stewardship  programs  also  rec-
mmend  not  only  reducing  the  use  of  antimicrobials,  but
lso  using  them  for  the  shortest  time  possible  and  with
pectrum  restrictions  aiming  to  produce  the  best  possible
utcomes.  Although  studies  designed  to  evaluate  the  impact
f  antimicrobial  use  in  the  neonatal  population  are  scarce,

 previous  systematic  review  has  demonstrated  the  associa-
ion  between  inadequate  use  of  antimicrobial  agents  and
ncrease  of  multidrug-resistant  bacterial  HAI  in  neonatal
nits.19 Thus,  it  is  recommended  to  reduce  the  practice
f  empirical  antimicrobial  treatments  and  to  include  treat-
ent  of  clinical  sepsis  for  five  days,  the  use  of  oxacillin  in

n  initial  regimen  for  late  sepsis  rather  than  vancomycin,
nd  adequacy  of  treatment  based  on  culture  and  not  clinical
everity.2,8,12,15,21

In  this  study,  a  significant  increase  in  the  density
f  broad-spectrum  antimicrobial  multidrug-resistance  was
bserved  when  all  antimicrobials  within  the  third  and
ourth  generation  of  cephalosporin  and  carbapenems  group
ere  considered.  The  relationship  between  the  increase

n  multidrug-resistant  Gram-negative  bacteria  and  these
wo  groups  of  antimicrobials  was  already  recognized
n  the  literature.2,5,8,11---13,16---18,25---29 It  is  mainly  reported

ith  respect  to  the  increase  of  bacteria-producing  ESBL
nd  the  use  of  cephalosporins  of  the  third  and  fourth
enerations.2,5,11,16---18,26---29 In  2015,  the  studied  neonatal  unit
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resented  an  alert  as  a  result  of  increases  in  ESBL-producing
lebsiella  pneumoniae, reinforcing  the  hypothesis  that  inad-
quate  empirical  treatment  occurred  after  2012.

A  reduction  in  the  incidence  density  of  resistant  microor-
anisms  when  using  aminopenicillins,  associated  with  an
ncrease  in  the  use  of  �-lactamase  inhibitors  was  observed
n  the  second  period.  There  was  a  shortage  of  ampicillin,
hich  is  indicated  as  the  treatment  of  choice  for  early  sep-

is,  and  the  institution  allowed  the  use  of  ampicillin  and
ulbactam.  In  a  study  conducted  in  the  Netherlands,30 dif-
erent  empiric  antimicrobial  regimes  for  sepsis  were  used  in
eonatal  units  (penicillin-tobramycin  or  flucloxacillin  versus
obramicyn  regimen  and  amoxicillin-cefotaxime  regimen).
ram-negative  bacillus  resistance  to  empiric  therapy  was
798  greater  (CI  95%  5,57---58,01)  when  a  large-spectrum
egimen  was  used.  However,  the  increased  number  of  ESBL
icroorganisms  in  the  present  study  was  observed  in  the  sec-

nd  period  of  follow-up.  As  a  result,  the  study  may  not  have
arried  out  long  enough  to  observe  associations  between  the
ccurrence  of  these  ATM  use  and  prevalence  of  ESBL  strains.

The  present  study  has  limitations,  due  to  its  prospec-
ive  observational  design  with  multifactorial  predictors,  in
hich  there  was  no  control  of  other  care  factors  that
ould  influence  the  incidence  of  late  neonatal  infections
y  multidrug-resistant  bacteria.  Such  factors  include  hand
ygiene,  cleaning  and  sterilization  of  instruments,  distance
etween  hospital  beds,  and  professional/patient  relation-
hip  recommended  by  the  level  of  care  provided,  affecting
uality  of  assistance.

Although  there  is  no  standardization  of  antimicrobial
onsumption  in  neonatal  units,  it  was  observed  that  use
f  broad-spectrum  antimicrobials,  especially  those  with
overage  for  Gram-negative  bacteria,  was  associated  with
ncreases  in  multidrug-resistance.  It  should  be  noted  that
his  association  was  identified  in  the  second  period  of  the
tudy,  considering  antimicrobial-day  density  when  broad-
pectrum  antibiotics  were  used  as  an  empirical  treatment.

Stewardship  programs  are  essential  in  neonatal  units,
specially  when  considering  treatment  for  clinical  neona-
al  sepsis,  to  reduce  the  empirical  use  of  antimicrobials  and
o  indicate  a  rational  use  of  antimicrobial  agents.
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