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Abstract

Objective: This study aims to evaluate risk factors for infection/colonization by resistant bacte-

ria among patients in Neonatal Intensive Care Units (NICU).

Methods: This systematic review is reported according to PRISMA. The search occurred by con-

sulting the PubMed, Embase, Cochrane, SciELO, and Scopus databases. Inclusion criteria consid-

ered studies with Neonatal population admitted to the Neonatal Intensive Care Unit (P); Risk

factors for resistant bacterial infection (E); No risk factors for resistant bacterial infection (C);

Isolation of resistant bacteria in an outbreak (O), Observational studies (S). For Meta-Analysis,

data were transformed to a logarithmic scale to directly calculate the standard error from the

confidence intervals. The quality of studies was assessed Critical Appraisal Tools recommended

by JBI.Q3 X X

Results: A total of 21 articles were eligible and presented a sample size ranging from 10 to 263

newborns (a total of 1979 neonates). Six (28,6 %) studies evaluated infection, five (23,8) evalu-

ated colonization, and 10 (47,6 %) evaluated colonization and infection, covering Gram-positive

(n = 8; 38 %) and Gram-negative (n = 13; 62 %) bacteria. In the meta-analysis, the use of venous

access (OR: 1,58; 95 %CI 1,14�2,20), mechanical ventilation (OR: 7,55 95 %CI 4,27�13,36), and

parenteral nutrition (OR: 4,79; 95 %CI 2,23�10,29) increased the chance of colonization/infec-

tion by multiresistant microorganisms. The included studies were considered as having adequate

quality.

Conclusion: The main risk factors in outbreaks of infection/colonization by resistant microor-

ganisms in Neonatal Units are the use of invasive devices and parenteral nutrition, which leads
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to the identification of newborns at risk, targeting the development of preventive measures.

© 2025 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1 Introduction

2 Healthcare-Associated Infections (HAIs) are important con-
3 ditions among the newborn population: 30 out of every 100
4 newborns are affected by them. In Brazil, it is estimated
5 that 60 % of infant mortality occurs in the neonatal period,
6 and neonatal sepsis is one of the main causes.1 Furthermore,
7 there is evidence of an increase in neonatal infections
8 caused by bacteria resistant to antimicrobials, which make
9 these infections even more severe, with a higher mortality

10 rate than infections caused by susceptible bacteria.2,3

11 Therefore, the relevance of studies that aim to mitigate
12 neonatal infections caused by microorganisms resistant to
13 antimicrobials is observed.
14 Although the increased incidence of infections caused by
15 bacteria non-susceptible to antimicrobials is a challenge
16 faced globally, newborns differ from other age groups due to
17 their susceptibility to infections, clinical presentation, and
18 high exposure to antimicrobials.4

19 One of the main strategies for controlling infections among
20 the neonatal population consists of a better understanding of
21 the risk factors and etiological agents, including the antimicro-
22 bial resistance profile. The literature describes risk factors for
23 colonization or infection by multidrug-resistant microorgan-
24 isms.2 However, systematic reviews may enhance the under-
25 standing of the risk factors for the neonatal infections
26 outbreaks caused by bacteria resistant to antimicrobials, so it
27 is possible to develop specific coping strategies against the
28 emergence and spread of these microorganisms.
29 This article describes a systematic review to evaluate
30 studies related to outbreaks of resistant bacteria among
31 patients in Neonatal Intensive Care Units (NICU), focusing on
32 risk factors to understand the etiology and coping strate-
33 gies.

34 Methods

35 The Preferred Reporting Items for Systematic Reviews and
36 Meta-Analysis (PRISMA)5 were used to structure this system-
37 atic review, which was registered with PROSPERO
38 (CRD42023452888). The research question was defined as:
39 “What are the risk factors in outbreaks of infection/coloni-
40 zation by resistant microorganisms in Neonatal Units?”
41 The PECOS strategy was used, consisting of the
42 components:

43 P - Neonatal population admitted to the Neonatal Inten-
44 sive Care Unit
45 E - Risk factors for resistant bacterial infection
46 C - No risk factors for resistant bacterial infection
47 O - Isolation of resistant bacteria in an outbreak
48 S - Observational studies

49 Multidrug-Resistant Organisms are defined as bacteria
50 resistant to one or more classes of antimicrobial agents

51recommended for treatment (REF: CDC https://www.cdc.
52gov/infection-control/hcp/mdro-management/background.
53html#toc).
54The search for studies occurred by consulting the
55PubMed, Embase, Cochrane, SciELO, and Scopus databases.
56As descriptors, the terms were used: “Multiple drug resis-
57tance”, “Multiple bacterial drug resistance”, “Bacterial
58drug resistance”, “Microbial drug resistance”, “Infant, New-
59born”, “Disease outbreaks”, “Risk factors”. The search
60strategies are presented at Table 1.
61The included studies were verified by two independent
62evaluators and met the following criteria: be published until
63June 2023; be available in any language; observe; and pres-
64ent a clinical observational research study.
65To select publications, the title and abstract were ini-
66tially evaluated to confirm whether they addressed the
67research question and met the previously established inclu-
68sion criteria. If necessary, the study was read in full.
69As exclusion criteria, studies were removed if the neona-
70tal population was not evaluated. Studies that did not pres-
71ent data necessary for extraction and analysis, or if there
72were duplicates were also removed.
73For data extraction, a full analysis of the pre-selected
74studies was carried out by two independent researchers. Dis-
75crepancies were resolved by a third author. The extraction
76was compiled according to PRISMA,5 for subsequent analysis
77and qualitative evaluation of the studies.
78For Meta-analysis, R language (4.3.3) was used. Data
79were transformed to a logarithmic scale to directly calculate
80the standard error from the confidence intervals. The evalu-
81ations were conducted using a random effects model, which
82uses the inverse variance method to define the weights. The
83Der Simonian-Laird estimator with Jackson’s method was
84used to estimate tau2 values. The heterogeneity of the sam-
85ple is expressed in I2, which is considered substantial when
86I2 > 50 %. Publication bias was assessed subjectively by fun-
87nel plots.
88After data extraction, Critical Appraisal Tools recom-
89mended for cohorts and case-control studies by JBI6 scale
90was used to assess the quality of the articles analyzed.

91Results

92The initial search in the databases resulted in 496 studies:
93411 in Scopus, 50 in PubMed, 24 in Embase, nine in the
94Cochrane Library, and two in SciELO. From 496 studies, 48
95pre-selected studies were eligible for complete reading.
96According to the PECOS question, 21 articles were included
97in this systematic review, as presented in a flowchart in
98Figure 1.
99There were 48 studies selected from which risk factor
100variables associated with outbreaks of multidrug-resistant
101bacteria in Neonatal Units were extracted. After complete
102reading, 21 articles were eligible for extraction and analysis
103(Table 2).
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Table 1 Database search strategies for “Risk factors for colonization/infection by resistant microorganisms in a neonatal unit - a

systematic review”.

PubMed ((Newborn OR infant OR neonatal OR neonates) AND (NICU OR "intensive care")) AND

((Resistance OR multiresistance OR resistant) AND (Multi-drug OR multidrug OR

Antibiotic OR antimicrobials OR bacteria OR bacterial OR germs OR microbe)) AND

(Outbreak). The filters used were: Clinical Study, Observational Study, Newborn:

birth-1 month.

EMBASE (newborn*exp OR newborn OR 'infant'/exp OR infant OR neonatal OR neonates) AND

(nicu OR 'intensive care’exo OR 'intensive care' AND ['resistance’exo OR resistance

OR multiresistance OR resistent) AND (multi drug OR multidrug OR 'antibiotic'/exp

OR antibiotic OR 'antimicrobials'/exp OR antimicrobials OR "bacteria'*exp OR bacte-

ria OR bacterial OR germs OR 'microbe'/exp OR microbe AND ('outbreak'/exp OR

outbreak) The filters used were: Humans, Clinical studies, Article.

SCIELO ((newborn) OR (neonatal) OR (infant)) AND ((Resistance) OR (multiresistance) OR

(resistant)) AND ((Multi-drug) OR (multidrug) OR (Antibiotic) OR (antimicrobials) OR

(bacteria) OR (bacterial) OR (germs) OR (microbe)) AND (Outbreak) AND ((Intensive

care) OR (NICU)). No filters were used in this search.

COCHRANE (newborn) OR (neonatal) OR (infant) in Title Abstract Keyword AND (Resistance) OR

(multiresistance) OR (resistant) in Title Abstract Keyword AND outbreak in Title

Abstract Keyword AND (Multi-drug) OR (multidrug) OR (Antibiotic) OR (antimicro-

bials) OR (bacteria) OR (bacterial) OR (germs) OR (microbe) in Title Abstract Key-

word AND (Intensive care) OR (NICU) in Title Abstract Keyword - (Word variations

have been searched).

No filters were used in this search.

SCOPUS (newborn OR neonates) AND (neonatal AND intensive AND care AND unity OR nicu)

AND (resistance OR multiresistance OR resistant) AND (multi-drug OR multidrug OR

antibiotic OR antimicrobials OR bacteria OR bacterial OR germs OR microbe) AND

(outbreak) AND (LIMIT-TO (SUBJAREA, "MEDI")) AND (LIMIT-TO (EXACTKEYWORD,"In-

fant, Newborn")) AND (LIMIT-TO (DOCTYPE, "ar")) AND (LIMIT-TO (SRCTYPE, "j")).

The filters used were Medicine, Article, Journal, Newborn.

Figure 1 Flowchart of the Systematic Review - Assessment of Risk Factors for Outbreaks by Multiresistant Microorganisms in Neona-

tal Units (until 2023).
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Table 2 (Continued)

First author

(location,

year)

Study design Period of study Hospitalized

newborns

Outcome Bacteria involved in

the outbreak

Cases/

exposed

Controls/not

exposed

Significant risk factors OR (95% IC) P-value

Period of stay 1,04 (1,02-1,06) <0,001

Period of CPAP use 1,04 (1,02-1,06) <0,001

Period of incubator use 1,12 (1,04-1,09) <0,001

Period of use of umblical venous catheter 1,33 (1,11-1,59) <0,001

Period of use of peripherally inserted central

catheter

1,11 (1,03-1,20) 0,004

Period of use of total parenteral nutrition 1,19 (1,02-1,39) 0,002

Period of radiology use 1,15 (1,02-1,29) 0,18

Cheng et al.21 Case-control 09/2017 - 02/2018

(6 months)

144 Infection/

colonization

Community-associ-

ated Staphylococ-

cus aureus (CA-

MRSA)

15 131 Cephalosporins 49,84 (3,10-810,6) 0,006

Duration of hospitalization, in days 1,02 (1,00-1,04) 0,013

Zarrilli et al.22 Case-control 11/2010 - 07/2011

(8 months)

161 Infection/

colonization

Acinetobacter bau-

mannii (XDR)

22 139 Period of exposure to central venous

catheter

5,2 (1,3-20,75) 0,019

Use of assisted ventilation 7,01 (1,3-37,88) 0,024

Maragakis et

al.23
Case-control 10/2004 - 02/2005

(4 months)

Not informed Infection/

colonization

Serratia marces-

cens (MDR)

16 32 Presence of arterial catheter 6,33 (1,50-26,7) 0,012

Receipt of inhalation therapy 7,22 (1,88-27,8) 0,004

Mayhall et

al.25
Case-control 04/1977 - 06/1978

(14 months)

Not informed Infection/

colonization

Gentamicin-resis-

tant Klebsiella

pneumoniae

(GRKP)

18

infected

30

colonized

65 Nasopharyngeal suction _ <0,001

Nasogastric catheter for feeding _ <0,001

Ambu ventilation _ <0,001

Peripheral venous access _ <0,01

Prematurity _ <0,01

Umbilical Catheter _ <0,05

Gentamicin Therapy _ <0,05

aOnly outbreak 2 presented risk factors with statistical relevance (P-value < 0,05).
bU, undefined.Q4 X X
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104 It was found that, among the 21 articles selected, 19
105 were case-controls7-25 and two were cohorts,3-26 with the
106 study by Crellen et al.26 being prospective and by Cantey et
107 al.3 retrospective.
108 Of the 21 studies analyzed, six studies were carried out in
109 developing countries: Turkey,7-10 Brazil,12 Serbia,18 China,21

110 and Cambodia.26 None of the studies analyzed carried out
111 multicenter evaluation. The other 15 studies were carried
112 out in developed countries: Norway,8 France,9

113 USA,3,11,13,14,16,17,23,25 Netherlands,15 United Kingdom,19

114 Australia,20 Italy22 and Greece.24

115 The studies covered the period between 1977 and 2018.
116 The follow-up time varied from seven days to 12 months,
117 with the longest time observed in studies from Turkey7 and
118 Cambodia.26

119 The study population corresponded to all newborns
120 admitted to the NICU, regardless of weight or gestational
121 age. The studied population ranged from 10 to 263 new-
122 borns, with a total of 1979 newborns. The study carried out
123 in France was the largest in terms of population size.9

124 Regarding the number of patients hospitalized during the
125 studies, it ranged from 28 to 536, with a total of 2756 new-
126 borns. Six studies did not report the total population in the
127 Neonatal Unit during the period of the respective
128 studies.10,13,14,22,23,25

129 Six studies evaluated infection,7,10,11,12,16,20 five evalu-
130 ated colonization8,17,20,24,26 and ten studies evaluated colo-
131 nization and infection.3,9,13,14,15,19,21,22,23,25

132 Regarding the studies that evaluated risk factors for resis-
133 tant Gram-positive microorganisms, five studies evaluated
134 an outbreak due to MRSA,11,13,17,19,21 and one study evalu-
135 ated an outbreak due to Staphylococcus aureus resistant to
136 methicillin.17 Two studies evaluated vancomycin-resistant
137 Enterococcus.20,24 Regarding Gram-negative microorgan-
138 isms, five studies evaluated risk factors for Acinetobacter

139 baumannii, four of which defined multidrug-resistant
140 Acinetobacter7,10,12,22 and one of them included OXA-72-
141 producing Acinetobacter baumannii.18 Three studies evalu-
142 ated Neonatal Units in which ESBL (Extended Spectrum
143 Beta-Lactamases) producing Klebsiella pneumoniae was
144 isolated,3,11,14 and two studies included Klebsiella pneumo-

145 niae resistant to gentamicin.15,25 Furthermore, in one study,
146 newborns with Klebsiella pneumoniae resistant to third-gen-
147 eration cephalosporin26 were included. One study evaluated
148 newborns in which ESBL-producing Escherichia coli was iso-
149 lated14 and another study included newborns with isolation
150 of multidrug-resistant Serratia marcescens.23 It is notewor-
151 thy that one of the studies included the evaluation of two
152 microorganisms (ESBL-producing K. pneumoniae and E. coli)
153 in the analyzed outbreak.14

154 Nineteen of the 21 assessed gestational age,3,7-25 18
155 assessed sex3,7-10,12,11-26 and 18 assessed birth weight.7,9-25

156 Three studies analyzed maternal factors,3,11,17 two studies
157 evaluated the use of proton pump inhibitors3,9 and one study
158 evaluated the use of probiotics.26 Other factors analyzed
159 were the use of: a central venous catheter,3,7,9,11,15,17,20,21,22

160 umbilical catheter,3,7,10,15,18,22,25 mechanical ventilation,3,7-

161
10,12,15,18,20-22,24 continuous positive airways pressure

162 (CPAP),3,8,9,20 parenteral nutrition.3,7,8,10,18,20,21,24 Further-
163 more, race,17,23 period of hospitalization3,10,11,13-15,22,23,24

164 and type of delivery8,11,16,18,20 were evaluated.

165Of the 19 studies that analyzed Gestational Age (GA),
166nine had this variable with statistical relevance, with
167p< 0,05,3,7-9,13,14,18-20 and the largest one demonstrated
168more than seven times greater chance of colonization in
169newborns with < 37 wk of GA.8

170Eighteen studies analyzed the gender variable, but none
171achieved statistical significance. The same number of
172articles also analyzed birth weight and only six showed sig-
173nificance, associating lower weight with a higher risk of
174infection.3,9,12,13,19,20

175Twelve studies analyzed mechanical ventilation as a pre-
176dictor and eight had statistical significance,3,7,8,10,12,18,20,22

177and one of them showed a more than seven times greater
178chance of infection in patients with mechanical ventila-
179tion.10 Seven articles highlighted the period of
180hospitalization,3,8,10,11,12,13,21 the largest of which demon-
181strated approximately 26 times greater chance of infection
182in newborns with >7 days of hospitalization.12

183Among the eight articles that analyzed parenteral nutri-
184tion, two articles were able to associate its use with
185infection10,18 and two with colonization,8,20 with statistical
186significance reaching four times greater chance.10 Seven
187studies were dedicated to evaluating the use of umbilical
188catheters associated with infection/colonization, three
189obtained significant results.3,7,25 There were still three stud-
190ies that achieved significance by associating intubation with
191neonatal infection/colonization,3,7,25 the largest one dem-
192onstrated an increased chance of infection by >10 times.10

193Nine articles analyzed the use of central venous catheters
194(CVC), and three of them achieved statistical
195significance,12,20,21 the largest one presenting 56 times
196greater chance of infection in newborns with CVC.12

197Regarding the use of antimicrobials, a great heterogene-
198ity was observed. Fifteen of them assessed the use of antimi-
199crobials as a categorized variable and a greater chance of
200infection/colonization was observed in nine of
201them.8,9,12,14,20,21,24,25,26 Eight studies evaluated specific
202classes of antimicrobials.9,12,14,20,21,24,25,26 Gentamicin was
203evaluated by Andersson et al.20 and by Mayhall et al.,25

204while cephalosporins were included in studies by and Linkin
205et al.14 and by Cheng et al.21 The most significant study asso-
206ciated Cephalosporins with infection/colonization, achiev-
207ing >49 times greater chance with their use.21 Other studies
208also achieved statistically significant results associating Car-
209bapenems with a 17 times greater chance of infection/colo-
210nization.12 Gentamicin was associated with a six times
211greater chance of infection by a resistant microorganism,
212while nystatin had a 10 times greater chance of the same
213outcome occurring.20 A study evaluated Flucloxacillin and
214found a six times greater chance of colonization with its
215use.20 Two studies analyzed the use of antibiotics without
216class specification,10,12 with a significative association
217between ATB use and a five times greater chance of infec-
218tion/colonization.10

219Only one study26 considered protective factors in the
220analysis, however, none of them presented variables statisti-
221cally significant associated with the reduction of infection/
222colonization by resistant bacteria.
223The quality assessment of the studies was carried out
224according to the recommendations of the JBI Critical
225Appraisal Tools.6
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226 Of the total of 21 studies, two had a cohort design and 19
227 were case-control studies. All the 21 articles were included
228 in this systematic review. Regarding the case-control stud-
229 ies, all the studies received “yes” for the first, fifth, eighth,
230 ninth, and tenth checklist items. Seven studies did not
231 assure the second item, because it was not possible to iden-
232 tify any pairing method in the text.14,18-23 Only one study
233 did not clearly mention if the controls were defined as
234 patients with negative bacterial cultures, which were
235 defined as asymptomatic patients. Thus, “no” was consid-
236 ered for the third checklist item.11 The fourth item was not
237 assured by one study, because it was not possible to find in
238 the text objective information about the source of the
239 patients’ data.13 Regarding the sixth item, seven studies did
240 not identify any possible bias or confounding
241 factors,7,9,12,21,22,23,25 but Iosifidis et al. mentioned a limita-
242 tion of the study that could not clearly play the role of con-
243 founding factor. For this same reason, Iosifidis et al.
244 received “unclear” for the seventh item. Another study also
245 received “unclear” for this item, because, although it has
246 described confounding factors, it was difficult to affirm the
247 description of ways to deal with the problem.16 Fifteen stud-
248 ies did not mention any kind of strategy required in the sev-
249 enth item.7,9-14,17-23,25 In relation to cohort studies, almost
250 all the items were fulfilled by both analyzed, except for the
251 fact that Cantey et al. did not describe confounding factors
252 or strategies to deal with them (fourth and fifth items) and
253 for the tenth item, considering that there was not incom-
254 plete follow up in any of the studies. The quality evaluation
255 is presented in Table 3.
256 Meta-analysis was carried out for the same and well-
257 defined study variables that were included in more than one
258 study. Three variables presented a significantly higher
259 chance of colonization or infection with multidrug-resistant
260 bacteria: (a) use of venous access (OR 1.58; 95 %CI 1.14 -
261 2.20); (b) use of mechanical ventilation (OR 7.55; CI95 %
262 4.27 - 13.36); (c) use of parenteral nutrition (OR 4.79; CI95 %
263 2.23 - 10.29). The studies showed low heterogeneity in the
264 use of mechanical ventilation and parenteral nutrition, both
265 with I2 = 0 %. However, heterogeneity was significant regard-
266 ing the use of venous access (I2 = 75 %) (Figures 2 and 3).

267 Discussion

268 The main risk factors for infection/colonization by antimi-
269 crobial-resistant bacteria in NICU outbreaks were Mechani-
270 cal Ventilation, Venous Access, and Parenteral Nutrition also
271 identified in other reviews that were not focused on
272 outbreaks.27,28

273 The temporal range of this analysis made it possible to
274 include a greater number of patients, representing neonatal
275 populations from different countries. It is noteworthy that
276 over more than three decades, there have been changes in
277 the care and structure of Neonatal Units, with a focus on
278 reducing neonatal mortality.29

279 Early detection of outbreaks and the prompt application
280 of preventive measures can help define research priorities
281 and develop integrated prevention strategies for these
282 microorganisms in the NICU.1,30

283 There was a wide variation in population size between
284 studies, however, it is important to highlight that even the

285lower numbers of recorded infections/colonization by resis-
286tant microorganisms should also be treated as relevant in
287the neonatal population. Newborns have immunological
288immaturity, which favors invasive infections by these micro-
289organisms.31 Therefore, identifying risk factors is relevant
290for the prevention and control of these infections especially
291when there is colonization by these pathogenic
292microorganisms.29

293Colonization by resistant bacteria should also be consid-
294ered as a risk factor for infection in neonates.2 Cantey et
295al.3 demonstrated greater lethality of infections in neonatal
296ICU patients infected or colonized by ESBL-producing Klebsi-

297ella pneumoniae, compared to patients infected by non-
298resistant bacteria. A study carried out in Jordan in 2017 also
299demonstrated a significant difference between the mortality
300rates of neonatal sepsis due to sepsis by resistant microor-
301ganisms compared to those with non-resistant
302microorganisms.29

303Regarding the characteristics of the bacteria involved in
304the outbreaks reported by the selected studies, most studies
305included outbreaks due to Gram-negative bacteria. In devel-
306oped countries, the main pathogens causing early neonatal
307sepsis are Gram-positive (group B Streptococcus) in full-
308term patients, while E. coli, a Gram-negative bacterium, is
309the most common microorganism among preterm infants
310with early-onset neonatal sepsis. Regarding late-onset neo-
311natal sepsis, 15 to 30 % of cases are caused by E.coli or Kleb-
312siella species.2 In very low birth weight newborns,
313coagulase-negative Staphylococcus predominates as an etio-
314logical agent of late neonatal sepsis in patients using inva-
315sive devices.32 Multicenter Chinese and Brazilian studies
316revealed that more than half of cases of late neonatal sepsis
317present Gram-negative bacteria as etiological agents in
318these countries, with emphasis on the order of
319Enterobacterales.33,34 Recent evidence has shown an
320increase in the number of neonatal infections caused by
321Gram-negative bacteria resistant to multiple drugs. These
322microorganisms are species commonly identified in neonatal
323sepsis, with an increasing resistance to antimicrobials. This
324fact demonstrates the need to optimize the use of antimi-
325crobials in the management of neonatal infections.2,35,36

326Approximately, one-third of the eligible studies included
327Gram-positive bacteria as responsible for outbreaks. The lit-
328erature demonstrates that Staphylococcus is significantly
329related to late-onset neonatal sepsis and antimicrobial resis-
330tance, mainly in isolates from patients undergoing mechani-
331cal ventilation, according to extracted data from the works
332in this review.13,17,35-37

333The use of broad-spectrum antibiotics favors the multipli-
334cation of resistant microorganisms and predisposes patients
335to colonization/infection by these agents. ESBL-producing
336bacteria, for example, are combated by carbapenems, a
337group of antimicrobials that have been identified as a risk
338factor for colonization/infection by bacteria with antimicro-
339bial resistance.12

340The use of antimicrobials was also evaluated, with
341emphasis on the most used to treat early neonatal sepsis
342(ampicillin and gentamicin) and cephalosporins, but great
343heterogeneity difficulted meta-analysis. Antimicrobials are
344essential for timely and adequate therapy for newborn
345infections, however, it is necessary to consider that these
346medications may modify microbiota, lead to adverse
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Table 3 Assessment of the quality of studies using the JBI Critical Appraisal Tools recommended for cohorts and case-control studies.

Checklist case control studies

First author

(local, year)

1- Were the

groups com-

parable other

than the

presence of

disease in

cases or the

absence of

disease in

controls?

2- Were cases

and controls

matched

appropri-

ately?

3- Were the

same criteria

used for

identification

of cases and

controls?

4- Was expo-

sure mea-

sured in a

standard,

valid

and reliable

way?

5- Was expo-

sure mea-

sured in the

same way for

cases and

controls?

6- Were con-

founding fac-

tors identi-

fied?

7- Were

strategies to

deal with

confounding

factors

stated?

8- Were out-

comes

assessed in a

standard,

valid

and reliable

way for cases

and controls?

9- Was the

exposure

period of

interest long

enough to be

meaningful?

10- Was

appropriate

statistical

analysis

used?

Overall

appraisal

Iosifidis et al.24 Yes Yes Yes Yes Yes Unclear Unclear Yes Yes Yes Include

Ulu-Kilic et al.7 Yes Yes Yes Yes Yes No No Yes Yes Yes Include

Rettedal et al.8 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Include

Guyot et al.9 Yes Yes Yes Yes Yes No No Yes Yes Yes Include

Hosoglu et al.10 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Include

Nguyen et al.11 Yes Yes Unclear Yes Yes Yes No Yes Yes Yes Include

Brito et al.12 Yes Yes Yes Yes Yes No No Yes Yes Yes Include

Khoury et al.13 Yes Yes Yes Unclear Yes Yes No Yes Yes Yes Include

Linkin et al.14 Yes No Yes Yes Yes Yes No Yes Yes Yes Include

Van der Zwet et

al.15
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Include

Hedberg et al.16 Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Include

Balamohan et

al.17
Yes Yes Yes Yes Yes Yes No Yes Yes Yes Include

Gajic et al.18 Yes No Yes Yes Yes Yes No Yes Yes Yes Include

Andersson et al.20 Yes No Yes Yes Yes Yes No Yes Yes Yes Include

Zarrilli et al.22 Yes No Yes Yes Yes No No Yes Yes Yes Include

Mayhall et al.25 Yes Yes Yes Yes Yes No No Yes Yes Yes Include

Brown et al.19 Yes No Yes Yes Yes Yes No Yes Yes Yes Include

Cheng et al.21 Yes No Yes Yes Yes No No Yes Yes Yes Include

Maragakis et al.23 Yes No Yes Yes Yes No No Yes Yes Yes Include

Checklist cohort studies

First author

(local, year)

1- Were the

two groups

similar and

recruited

from the

same popula-

tion?

2- Were the

exposures

measured

similarly to

assign people

to both

exposed and

unexposed

groups?

3- Was the

exposure

measured in

a valid and

reliable

way?

4- Were con-

founding fac-

tors identi-

fied?

5- Were

strategies to

deal with

confounding

factors

stated?

6- Were the

groups/par-

ticipants free

of the out-

come

at the start

of the study

(or at the

moment of

exposure)?

7- Were the

outcomes

measured in

a valid and

reliable

way?

8- Was the

follow up

time

reported and

sufficient to

be long

enough for

outcomes to

occur?

9- Was follow

up complete,

and if not,

were the

reasons to

loss to follow

up described

and

explored?

10- Were

strategies to

address

incomplete

follow up

utilized?

11- Was

appropriate

statistical

analysis

used?

Overall

appraisal

Crellen et al.26 Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Include

Cantey et al.3 Yes Yes Yes No No Yes Yes Yes Yes No Yes Include
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347 reactions, and develop antimicrobial resistance.38 There-
348 fore, the importance of institutional programs that aim for
349 the rational use of antibiotics in the neonatal population is
350 necessary.35 Several authors have studied interventions to
351 optimize the prescription of antimicrobials in different
352 countries.39 In Sweden, demonstrated a benefit in choosing
353 treatments of shorter duration with the support of the infec-
354 tious diseases consultancy service, resulting in reduced use
355 of meropenem-based therapy in extremely premature
356 infants, without increasing the mortality or the need to
357 restart treatment.40 In the present review, ampicillin, asso-
358 ciated with gentamicin, was identified as a risk factor for
359 colonization by resistant bacteria,26 and a study carried out
360 in the USA demonstrated a significantly decreased use of
361 ampicillin after the application of strategies, such as the
362 education of multidisciplinary teams, with development of
363 protocols on the approach to common neonatal infections.41

364 A study carried out in Brazil, demonstrated a similar result,
365 with the application of the National Health Surveillance
366 Agency criteria as a diagnostic tool for early neonatal sepsis
367 reducing the number of diagnoses of this disease and the use
368 of antimicrobials for early neonatal sepsis. There was also a
369 reduction in general mortality and mortality related to
370 infections after this intervention.42 The adoption of epide-
371 miological surveillance systems for neonatal sepsis was iden-
372 tified as a contributing factor to reducing the excessive use
373 of antibiotics in a study carried out in Spain.32

374 Although not all studies have found statistical relevance
375 for preterm birth or low birth weight, these conditions can

376be associated with other situations that predispose new-
377borns to infections, such as invasive devices (central venous
378catheter, umbilical catheter, mechanical ventilation) and
379parenteral nutrition. These devices facilitate adherence and
380hematogenous entry for potentially pathogenic microorgan-
381isms, predisposing newborns to HAIs.1,29,32,43

382Protective factors against colonization/infection by mul-
383tidrug-resistant bacteria were evaluated in only one of the
384selected studies, which did not find statistical relevance in
385any of the factors analyzed.26 However, it is noteworthy that
386most studies pointed to optimizing the hand washing tech-
387nique of professionals in NICU as important for controlling
388outbreaks of multi-resistant bacteria. Horizontal transmis-
389sion by hand has been described as the main source of post-
390natal infection in newborns admitted to hospitals.30 Thus, it
391reinforces the necessity of correct hand hygiene in the five
392moments recommended by the WHO before and after new-
393born assistance.44 Nguyen et al.11 Demonstrated that the
394transmission of methicillin-resistant Staphylococcus aureus

395(MRSA) was probably facilitated by inadequate hand hygiene
396practices. Rettedal et al.8 highlighted correct hand washing
397as the single most crucial factor in reducing the rates of nos-
398ocomial infections, besides, it is the least expensive infec-
399tion control technique applied in the NICU.
400The main risk factor identified as associated with multi-
401resistant microorganisms in outbreaks in NICU (Mechanical
402Ventilation, followed by Parenteral Nutrition and Venous
403Access), which are frequently used in NICU once these are
404required for assistance of preterm newborns and those with

Figure 2 Meta-analysis for variables associated to colonization/infection by resistant microorganisms in outbreaks in Neonatal

Units. (a) Use of venous access (b) Use of mechanical ventilation (c) Use of parenteral nutrition.
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Figure 3 Funnel plot to access publication bias.
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405 malformations, mainly those who require gastrointestinal
406 surgery.45,46 For premature infants, the use of Continuous
407 Positive Airway Pressure (CPAP) and other non-invasive ven-
408 tilation used for both initial and post-intubation with timely
409 removal of tracheal cannula may minimize the risk of lung
410 disease and, consequently, reduce risk of infection.47,48 Ade-
411 quacy of early and optimized Parenteral Nutrition can
412 reduce the time of CVC use with this proposal,49 and bundles
413 for the prevention of CVC-associated infections are also
414 mandatory.50 The early human milk diet also reduces the
415 time of parenteral nutrition and late-onset sepsis in new-
416 borns.51 Recommendations for safe surgeries and adequate
417 preoperative prophylaxis are international policies for the
418 prevention of infection in these patients.45,52

419 Although this review was restricted to the research
420 question, it was directed to investigate risk factors in
421 outbreaks, which were not identified in other studies.
422 Several reviews included a larger number of studies that
423 evaluated risk factors for infection in neonates despite
424 this objective.
425 Thus, the best current tool for combating neonatal infec-
426 tions is prevention, mainly with hand hygiene practices.35,44

427 Other practices for controlling infections identified in out-
428 breaks include the use of personal protective equipment,
429 respiratory hygiene, patient placement and private rooms
430 according to the transmission route, patient-care equipment
431 and devices, and care of the environment with cleaning/
432 disinfection.2,53

433 Despite the studies did not meet all the criteria according
434 to the JBI Critical Appraisal Tools recommended for cohorts
435 and case-control studies,6 they were included and consid-
436 ered as having the good quality to trust the meta-analysis
437 results, which allows actions directed to prevent these
438 infections.

439 Conclusion

440 The main risk factors for infection/colonization by antimi-
441 crobial-resistant bacteria among patients admitted to NICU
442 are the use of invasive devices such as Mechanical Ventila-
443 tion, Venous Access, and Parenteral Nutrition. The best cur-
444 rent tool is the prevention of neonatal infections, which can
445 be achieved mainly through compliance with hand hygiene
446 to manipulate neonates and their devices and the adoption
447 of measures for the timely withdrawal of these interven-
448 tions.
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