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Abstract

Purpose of Review MDR-Gram-negative bacteria are a great concern in the neonatal population, with a worldwide rise in the
reported incidence and with very limited therapeutic options. Acinetobacter baumannii is responsible for many infections in
neonates and outbreaks in neonatal intensive care unit (NICU); also, outbreaks caused by other Acinetobacter species have been
reported. The aim of this review is to document the epidemiology of Acinetobacter spp. infections in neonates and risk factors for
acquisition of Acinetobacter spp. in the NICU using data from published studies.

Recent Findings Acinetobacter spp. infections are increasing in neonates in NICU. Outbreak caused by multidrug resistant
(MDR) or extensively drug resistant (XDR) A. baumannii but also outbreak caused by susceptible A. soli and A. septicus sp.
nov., were reported in neonates. Acinetobacter spp. were responsible for bloodstream infections and respiratory tract infections in
neonates. Risk factors for A. baumannii acquisition in neonates were low birthweight, length of NICU stay, umbilical catheter-
ization, central-venous catheterization, assisted ventilation, and prior antibiotic use.

Summary This review highlights the importance of surveillance of risk factors for healthcare-associated infections in NICU to
control MDR and XDR A. baumannii infections in neonates.
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Introduction

Acinetobacter spp. are glucose non-fermentative Gram-nega-
tive bacteria that have emerged in recent years as a major cause
of healthcare-associated infections and hospital outbreaks, es-
pecially in intensive care unit patients [1, 2]. A. baumannii and
to a lesser extent A. nosocomialis, A. pittii, A. seifertii, and
A. dijkshoorniae are the most clinically relevant species [1-4].
They are genetically and phenotypically similar to the environ-
mental species A. calcoaceticus and are therefore grouped into
the A. calcoaceticus-A. baumannii (Acb) complex [1, 3, 4].
A. baumannii isolates responsible for epidemics are frequently
multidrug resistant (MDR) or extensively drug resistant (XDR)
according to Magiorakos et al. [5], the majority of them being
resistant to carbapenems and showing intermediate resistance to
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tigecycline, but usually retaining susceptibility to colistin [6].
Resistance to antimicrobials and disinfectants [1, 6], along with
elevated resistance to desiccation and high biofilm-forming ca-
pacity on abiotic surfaces [7] may favor the spread and persis-
tence in the hospital environment of epidemic Acinetobacter
spp. strains. Mounting evidence suggests that Acinetobacter
spp., in particular A. baumannii, may cause severe healthcare-
associated infections in neonates and hospital outbreaks in neo-
natal intensive care unit (NICU) [8, 9, 10ee,11¢, 1214, 15, 16,
17, 18, 19+, 20-22, 23¢]. A previous review by Hu and
Robinson analyzed only invasive Acinetobacter infections in
children younger than 5 years of age from 1982 to 2008 [24].
In the current review, we summarize the recent literature on
Acinetobacter spp. infections in neonates and discuss risk fac-
tors responsible for acquisition of A. baumannii in NICU.

Characteristics of Neonatal Acinetobacter spp.
Cases

We conducted a PubMed search for English language articles

between 2007 and June 2018 on Acinetobacter infections in
neonates. In addition, we searched for articles containing the
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following terms, i.e., Acinetobacter spp. infections,
Acinetobacter baumannii infections, and Acinetobacter infec-
tions in neonatal intensive care unit (NICU). We selected and
used data from all original research articles that reported in-
formation on the following: design of the study, study period,
country, number of cases and/or infections, microbial etiology,
infection-control strategies, and risk factors for Acinetobacter
Spp. acquisition in neonates. Sixteen articles met our inclusion
criteria and were appropriate for in-depth assessment
(Table 1). The studies were very different with respect to time
of occurrence and geographical location, reporting data from
2004 to 2017 and from 12 different countries. All 16 studies
took place in inpatient hospital setting, specifically in neonatal
intensive care units.

The majority of the studies described epidemics due to
Acinetobacter spp. colonization/infections from neonates in
NICUs and were classified as outbreak investigations [8, 9,
12-14, 16, 18, 23¢]. Five studies were organized as case-
control studies [10ee, 15, 17+, 21, 22] and three as case series
studies [11¢, 19+, 20].

A. baumannii was identified in the majority of the studies
[8,9, 100, 11e, 14, 152, 16, 17¢, 18, 19+, 20-22, 23¢], but
identification at the species level using a genotypic method
was confirmed in few of them [11e, 15¢, 17, 21, 23¢].
Phenotypic identification of Acinetobacter isolates to the spe-
cies level using biochemical methods has proven to be insuf-
ficient and need to be confirmed by a genotypic method or by

MALDI-TOF [1, 3, 4]. Because of this, identification as
A. baumannii of bacterial isolates from neonates was reliable
when a genotypic method was used to confirm it [11e, 15¢,
17e, 21, 23¢]. Instead, isolation of non-baumannii
Acinetobacter species from neonates was reported and con-
firmed by a genotypic method in few other studies [12, 13,
15¢]. In particular, non-baumannii Acinetobacter species be-
longing to the Acb complex such as A. calcoaceticus and
A. nosocomialis [15¢] or outside the Acb complex such as
A. lwoffi, A. junni, A. variabilis, A. haemolyticus, and
Acinetobacter 14TU isolates were identified by ARDRA
[15°]; A. septicus sp. nov. and A. soli isolates were identified
by rpoB gene sequence analysis [13], or #poB and gyrB gene
sequence analysis [12], respectively.

The isolation of MDR A. baumanni was described in the
majority of the selected studies [8, 9, 10ee, 14, 15¢, 16, 18,
19e, 21, 23¢], the isolation of XDR A. baumannii in two other
studies [17¢e, 22]. In accordance with previous data from the
literature [6], resistance to carbapenems emerged in 10%
[10ee, 11¢], 50% [15°], 70% [23¢], or all A. baumanni isolates
from neonates [8, 14, 16, 17+, 18, 19¢, 21, 22]. On the other
hand, susceptibility to colistin was found in all A. baumannii
isolates from neonates [8, 9, 10e, 11, 14, 15, 16, 17¢e, 18,
19+, 21, 22, 23¢]. Non-baumannii Acinetobacter spp. isolates
from neonates were either susceptible to all antimicrobial test-
ed, such as A. soli [12], susceptible to all antimicrobials but
resistant to ceftazidime and cefotaxime, such as A. septicus sp.

Table 1 Characteristics of neonatal Acinetobacter spp. cases
Study period Country Number of cases Number of Deaths Microbial etiology Study design Reference
infections
2004 Taiwan 9 2 0 A. baumannii® Outbreak investigation [8]
2004 USA 7 4 4 A. baumannii® Outbreak investigation 9]
2004-2005 Palestine 40 40 15 A. baumannii® Case-control [10ee]
2004-2014 Taiwan 40 40 2 A. baumannii Case series [11e]
2005 Brazil 5 1 A. soli Outbreak investigation [12]
2006 Turkey 5 2 A. septicus sp. nov. Outbreak investigation [13]
2006-2007 Tunis 36 31 10 A. baumannii® Outbreak investigation [14]
2007-2014 India 68 68 - Acinetobacter spp. Case-control [15¢]
2008-2009 USA 6 6 0 A. baumannii® Outbreak investigation [16]
2010-2011 Italy 22 6 1 A. baumannii Case-control [17e]
2011 Greece 8 10° 1 A. baumannii® Outbreak investigation [18]
2012-2013 Taiwan 59 67° 12 A. baumannii® Case series [19¢]
20122015 Jordan 18 18 13 A. baumannii® Case series [20]
2013-2015 Brazil 21 4 - A. baumannii Case-control [21]
20142015 Turkey 41 41 24 A. baumannii® Case-control [22]
2016-2017 Fiji 34° 34°¢ 23°¢ A. baumannii Outbreak investigation [23¢]

#Identification of Acinetobacter isolates to the species level was not confirmed by any genotypic method

® The numbers include cases with more than one infection
¢ Only cases of neonates in the NICU were included in the table

-, not reported
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nov. [13], or MDR Acinetobacter spp. isolates, 50% of whom
resistant to carbapenems [15¢].

Acinetobacter spp. isolates from neonates were responsible
for bloodstream infections [9, 10ee, 11e, 12, 13, 15¢, 20, 22,
23ee], respiratory tract infections [14, 17e¢], bloodstream in-
fections, and respiratory tract infections [8, 16, 18, 19¢].
Mortality of neonates with Acinefobacter spp. infections
ranged from 0 [8, 16] to 72% [20]. Elevated mortality was
reported in bloodstream infections caused by MDR or XDR
A. baumannii [20, 22, 23¢]. The majority of the studies did not
report Acinetobacter spp.—attributable mortality.

Genotyping analysis of Acinetobacter spp. isolates using
PFGE[8,9, 12-14, 16, 17+, 18, 19,21, 22] or whole genome
sequencing [23+] demonstrated clonal-relationship and cross-
transmission among patients in the same NICUs. Also, MLST
analysis assigned A. baumannii isolates from neonates in dif-
ferent NICUs to international clonal lineage clonal lineage I in
one study [21] and to international clonal lineage II in three
studies [11e, 17+, 23¢]. This finding is in accordance with
previous data from the literature, showing the worldwide oc-
currence of A. baumannii international clones II and to a lesser
extent international clone I in the hospital setting [2].

Infection control measures were performed during
A. baumannii outbreaks in NICUs, which included environ-
mental microbiological investigations, surveillance swabs
from the nasopharynx and rectum of neonates, implementa-
tion of contact isolation precautions, cohorting of
A. baumannii colonized and infected neonates, and environ-
mental cleaning [8, 9, 14, 16, 17¢, 18, 19+, 21, 22].
Environmental cultures identified source/reservoir of
A. baumannii on ventilation tubes [8]; incubators [14]; mon-
itors and humidifiers [17]; EKG monitor, incubator, and op-
erating table [19¢]; and patient bed, locker, and formula prep-
aration dish [22]. Daily audits by infection control team were
conducted to alert the clinical staff during the outbreak [16,
18, 23¢]. In one case, the ward was temporarily closed to
external admissions during the outbreak [17¢¢].

Antimicrobial therapy with colistin in neonates with MDR
or XDR A. baumannii infections was reported by several stud-
ies [16, 172, 18, 19+, 20-22, 23], but only one of these studies

specified the route of administration and dosing of the drug, i.e.,
intravenous colistin at a dose of 5 mg/kg/day [17+¢]. The po-
tential nephrotoxicity and the emergence of colistin resistance,
which are the major issues of colistin treatment [6], have not
been reported yet in A. baumannii infections in neonates.

Risk Factors for Acinetobacter spp. Acquisition
in NICUs

Risk factors for Acinetobacter spp. acquisition and/or coloni-
zation/infection of neonates in NICUs were analyzed in five
case-control studies [10ee, 15, 17¢¢, 21, 22] and three case
series studies [11¢, 19+, 20]. Prematurity or low birthweight (<
1500 g) were identified as risk factors of A. baumannii acqui-
sition at univariate analysis in four case-control studies [10ee,
179, 21, 22] and length of NICU stay/days of hospitalization
in two case-control studies [10ee, 17¢¢] (Table 2). The uses of
the following devices were risk factors of A. baumannii ac-
quisition: (i) umbilical catheter at univariate [17+, 22] and
multivariate analysis [22]; central-venous catheter at univari-
ate [10ee, 179+, 21, 22] and multivariate analysis [10ee, 17¢°];
assisted ventilation at univariate [10e, 17¢°, 22] and multivar-
iate analysis [10ee, 17+¢] (Table 2). In addition, the antibiotic
use prior to A. baumannii isolation was risk factors of
A. baumannii acquisition at univariate [10™, 21] and multivar-
iate analysis [10e] (Table 2). Moreover, incidence of NDM-1-
harboring Acinetobacter spp. in late-onset sepsis cases was
significantly higher than that in early onset sepsis cases [15¢].

Similarly, a case series of 40 neonates having A. baumannii
bacteremia showed that 95% of them were premature, with
very low birth weight (70% < 1500 g) prolonged intubation,
usage of percutaneous central venous catheter (65%) and long-
term usage of total parenteral nutrition (95%) [11¢]. Prior use of
imipenem and use of high frequency oscillation ventilation
(HFOV) were statistically significant risk factors for acquisition
of infections caused by imipenem-resistant A. baumannii [11¢].
Another retrospective case series study on 59 neonates in a
NICU in Taiwan showed that the mortality rate due to MDR
A. baumannii sepsis was 20.34% [19+]. The risk factors for
mortality due to MDR A. baumannii infection were

Table 2 Risk factors for

A. baumannii acquisition in Patients’ variables

Univariate analysis * Multivariate analysis *

NICU

Length of NICU stay/days of hospitalization

Birthweight < 1500 g/prematurity
Use of UC

Use of CVC

Use of AV

Prior antibiotic use

[10%s, 17+¢]
[10es, 17+, 21, 22]

[17+,22] [22]
[10es, 17+, 21, 22] [10es, 17+]
[10ee, 17+, 22] [10es, 17+]
[10+, 21] [10+]

# Case-control studies in which risk factors showed p values <0.05 (considered statistically significant)

UC, umbilical catheter; CVC, central venous catheter; AV, assisted ventilation
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A. baumannii infection within 7 days of admission to the
NICU, use of umbilical vein catheters, absolute neutrophil
count < 1500/mm3, platelet count < 100,000/mm?>, and a delay
in initiating adequate antibiotic treatment [19¢]. Multivariate
analysis revealed that prompt antibiotic therapy with colistin
significantly decreased the risk of mortality [19+]. The result
logistic regression analysis of another case series study was not
considered because the study analyzed risk factors for sepsis
due to A. baumannii and KPC producing bacteria compared
with those caused by other microorganisms [20].

Conclusions

MDR and XDR A. baumannii and MDR non-baumannii
Acinetobacter spp. are increasingly isolated from neonates in
NICUs and are responsible for bloodstream infections and respi-
ratory tract infections. Outbreaks in the NICUs are frequently
caused by A. baumannii isolates belonging to highly successful
international clonal lineages I and II, which spread in adult in-
tensive care units and in the hospital setting worldwide also. Low
birthweight, the use of assisted ventilation and vascular devices
and prior antibiotic use are risk factors for MDR A. baumannii
acquisition in neonates in the NICU. Therapy with last resource
antimicrobial agent colistin is currently used against MDR
A. baumannii infections in neonates. Future research should fo-
cus on strategies to reduce the transmission of MDR
Acinetobacter spp. among neonates in the NICU and to validate
the therapeutic and infection control strategies for management
of MDR Acinetobacter spp. infections in neonates. This high-
lights the importance of international guidelines for the preven-
tion of MDR microorganisms in neonates in the NICU.
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