
BJID 836 1–11
Please cite this article in press as: Silva AC, et al. Inadequate use of antibiotics and increase in neonatal sepsis caused by resistant bacteria
related to health care assistance: a systematic review. Braz J Infect Dis. 2018. https://doi.org/10.1016/j.bjid.2018.07.009

ARTICLE IN PRESSBJID 836 1–11

braz j infect dis 2 0 1 8;x  x x(x x):xxx–xxx

www.elsev ier .com/ locate /b j id

The Brazilian Journal of

INFECTIOUS  DISEASES

Review article

Inadequate  use  of  antibiotics  and  increase  in
neonatal sepsis  caused  by resistant  bacteria  related
to health  care  assistance:  a  systematic  review�

Ana Carolina Bueno Silvaa,∗, Leni Marcia Anchietab, Marianna Fischer de Paula Lopesa,Q4

Roberta Maia de Castro Romanellib

a Universidade Federal de Minas Gerais, Centro de Pós-Graduação, Belo Horizonte, MG, Brazil
b Universidade Federal de Minas Gerais, Departamento de Pediatria, Belo Horizonte, MG,  Brazil

a  r  t  i  c  l  e  i  n  f  o

Article history:

Received 21 February 2018

Accepted 18 July 2018

Available online xxx

Keywords:

Sepsis

Drug resistance, microbial

Infant, newborn, anti-infective

agents

a  b  s  t  r  a  c  t

Background: Technologies and life support management have enhanced the survival of

preterm infants. The immune system of newborns is immature, which contributes to the

occurrence of healthcare-associated infections (HAI). The overlap of several conditions withQ5

neonatal sepsis and the difficulty of diagnosis and laboratory confirmation during this period

result  in a tendency to over-treat neonatal sepsis. The use of antimicrobial agents (ATM) is

a  risk factor for multidrug-resistant bacterial infections. This work aimed to perform a sys-

tematic review of the relationship between inadequate use of ATM and increase in neonatal

sepsis related to healthcare assistance, due to bacterial resistance.

Methods: Our PECOS acronym was as follows: P: hospitalized neonates with sepsis diagno-

sis,  E: inappropriate use of ATM, C: adequate use of ATM or no indication of infection, O:

resistant bacterial infection, and S: original studies. We  performed searches in the PubMed,

Scopus, Virtual Health Library (Scielo, LILACS, and MEDLINE), and Embase without limits

on  time, language, and the references of the articles found. Fourteen studies were included

and  assessed using GRADE, Newcastle, and STROBE methodologies.

Results: All studies found were observational and started with a low-quality evidence level

in  GRADE.

Abbreviations: HAI, healthcare-associated infections; ATM, antimicrobial agents; NNH, Number of patients Needed to Harm; GNB,
Gram-negative bacteria; CDC, Centers for Disease Control; OR, odds ratio; ESBL, extended-spectrum �-lactamases; KPC, carbapenemase-
producing K. pneumonia; VRE, vancomycin-resistant Enterococcus.
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Conclusions: Despite their low-quality evidence, the studies demonstrated the association

between inadequate use of ATM and increase of neonatal resistant bacterial HAI in neona-

tal  units. However, there is significant difficulty in conducting high-quality studies in this

population due to ethical issues tied to randomized trials. Therefore, new studies should be

encouraged to recommend adequate treatment of newborns without increasing the risk of

HAI  by multidrug-resistant bacteria.

© 2018 Sociedade Brasileira de Infectologia. 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/4.0/).

Introduction

In recent years, the improvement of technologies for advanced
life support applied to prematurity complications resulted in
increased survival of preterm infants with earlier gestational
age and low birth weight.1,2 Due to immaturity of the immune
system and the need for several invasive procedures, hospital-
ized neonates, especially premature infants, are susceptible
to healthcare-associated infections (HAI). This is one of the
most significant adverse events associated with morbidity and
mortality in this age group.1–5

The diagnosis of HAI in newborns is difficult due to the
lack of specific symptoms. At this age, HAI commonly shares
symptoms with other diseases, such as respiratory distress
syndrome, prematurity hypotension, metabolic disorders, and
others.1,6–10 Beginning early treatment is fundamental for
improving the prognosis of these patients. Therefore, treat-
ment is initiated before receiving laboratory results, which
contributes to the exposure of this population to antimicrobial
agents (ATM), often unnecessary.6–11 Furthermore, the diffi-
culty in obtaining sufficient samples for cultures and the low
sensitivity of this test leads many  physicians to decide to con-
tinue ATM for treating presumed neonatal sepsis,6,8 which
is up to eight-fold over-treated than confirmed HAI cases,
according to some studies.6

The increase of HAI caused by resistant bacteria is a multi-
factorial issue. Currently, it is a worldwide concern due to the
associated high morbidity and mortality and increased hospi-
tals costs.1,3,8,12 The inability of the pharmaceutical industry
to create new drugs at the same rate as the development of
resistance is also an important issue to consider.3,9–11 The
excessive use of ATM, especially broad-spectrum agents, is
already recognized as a key factor for the development of resis-
tance.1,6,7,9,11–16 In recent years, the emergence of increasingly
resistant strains has been observed,2,6,8 as demonstrated by
clinical trials in adult and pediatric populations. However, in
the neonatal population, there is a lack of studies assessing
this association.8,13,17

The aim of this work was to perform a systematic review of
the relationship between inadequate use of ATM and increase
in neonatal sepsis related to healthcare assistance, due to
bacterial resistance. For this review, the attributes considered
when selecting the articles were: population, exposition, com-
parison, outcome, and study type, according to the acronym
PECOS.18,19 The definition was as follows: P, neonates with sep-
sis diagnosis in Neonatal Units; E: inappropriate use of ATM; C,

adequate use of ATM or no indication of infection; O, resistant
bacterial infection; S, original studies.

Methods

Literature  review

The articles were selected using the international guideline
outlined by PRISMA, which coordinates the process of per-
forming meta-analyses and systematic reviews.18

The search was carried out without limits on language
or date of the study, using the PubMed, Scopus, Virtual
Health Library (Scielo, LILACs, and MEDLINE) and Embase using
the following keywords: “Sepsis,” “Infant, Newborn,” “Anti-
Infective Agents,” and “Drug Resistance, Microbial” and their
respective Portuguese and Spanish translations up to July
2017. The references from the selected articles were also
evaluated and included in the selection if they met  the
inclusion criteria. PubMed was searched using the MeSH
terms: (“Sepsis”[MeSH] AND “Infant, Newborn”[MeSH]) AND
“Anti-Infective Agents”[MeSH]) AND “Drug Resistance, Micro-
bial”[MeSH].

Inclusion  and  exclusion  criteria

Inclusion criteria: All original articles that included patients
with late-onset neonatal sepsis with multi-resistant bacteria,
who were treated with broad-spectrum ATM, or with inad-
equate or prolonged empiric treatment. Additionally, only
articles that defined the duration and type of ATM were
included.

Exclusion criteria: All articles that included patients with
early onset sepsis with multi-resistant bacteria, articles which
did not define duration and type of ATM therapy, and arti-
cles which considered only risk factors for colonization with
multidrug-resistant bacteria.

Some studies that described ATM use but did not comply
with the PECOS framework were only used for the discussion
section.

Article  extraction  and  data  quality  evaluation

Two independent reviewers evaluated all titles and abstracts
from the database search, with the goal of identifying
articles that would generally accomplish the selection crite-
ria.
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