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ABSTRACT
Introduction. Multidrug resistant Gram-
negative (MDRGN) infections are an increasing 
problem in neonatal intensive care units. The 
objective of this study was to establish the 
epidemiological, clinical, microbiological, and 
evolutionary characteristics of carbapenem-
resistant MDRGN infections and the risk factors 
for them at the Division of Neonatology of a 
tertiary care hospital.
Population and method. A retrospective cohort 
study was done in this Division in patients 
with a documented MDRGN infection between 
4/24/2013 and 4/29/2015.
Results. Twenty-one patients were included. 
Their median gestational age and birth weight 
were 35 weeks and 2070 g, respectively. Eighteen 
patients (86 %) had a positive blood culture; 
the most commonly isolated microorganism 
was Acinetobacter baumannii (17 patients, 81 %), 
followed by carbapenemase-producing Klebsiella 
pneumoniae (3 patients, 14 %) and Enterobacter 
cloacae (1 patient, 5 %).
The median age at diagnosis was 28 days and all 
patients had risk factors for infection, including 
surgery, assisted mechanical ventilation, 
parenteral nutrition, central venous line, and 
antibiotics. The definite antibiotic therapy 
included colistin in all cases; in combination, in 
84 %. Five patients (24 %) died due to the infection. 
Prematurity and a birth weight < 2000 g were 
statistically significant risk factors associated 
with mortality (p = 0.03 and 0.01, respectively).
Conclusion. MDRGN infections were observed in 
patients with predisposing factors. Acinetobacter 
baumannii was the main etiologic agent. Mortality 
was high and related to prematurity and a low 
birth weight.
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INTRODUCTION
Due to  the  grea ter  surv iva l 

and complexity in newborn care, 
multidrug resistant microorganisms 
are an emerging problem in neonatal 
care units.  Increasing antibiotic 
resistance, together with restrictions 
in new drug development, especially 
in the neonatal population, makes 
multidrug resistant bacterial infections 
an ongoing problem that increases the 
risk for morbidity and mortality.1 
An adequate empirical therapy for 
severe bacterial infections is critically 
relevant to reduce mortality, and 
carbapenems are still  the initial 
treatment of choice for hospital-
acquired infections in most neonatal 
intensive care units (NICUs).

The objective of this study was to 
establish the epidemiological, clinical, 
and microbiological characteristics of 
patients with carbapenem-resistant 
MDRGN infection, their risk factors 
for infection, and mortality at the 
NICU of a tertiary care hospital, which 
would allow us to recognize, manage, 
and prevent these infections rapidly.

POPULATION AND METHODS
T h i s  w a s  a  d e s c r i p t i v e , 

retrospective, and observational 
study. Patients hospitalized at the 
NICU of  Hospital  de  Pediatr ía 
“Profesor Dr. Juan P. Garrahan” with 
a carbapenem-resistant MDRGN 
infection isolated from representative 
clinical samples obtained between 
4 / 2 5 / 2 0 1 3  ( d a t e  w h e n  t h e 
microorganism was first isolated at the 
NICU) and 4/29/2015 were included.

The study site was a tertiary care 
children’s hospital located in Buenos 
Aires, Argentina. This hospital does 
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not have a maternity ward; the neonatal care unit 
has 60 beds for patients who are referred, in most 
cases, for surgery.

Patients with isolation of MDRGN bacilli 
with intrinsic resistance to carbapenems were 
excluded. Intrinsic resistance was defined as that 
naturally occurring in the microorganism.

MDRGN bacilli were defined based on the 
consensus by the Centers for Diseases Control 
and Prevention (CDC) and the European Center 
for Diseases Prevention and Control (ECDC) as 
microorganisms resistant to one or more drugs in 
three or more antibiotic groups, including those 
resistant to carbapenems.2

Microbiology: Sensitivity tests were done 
using the disc diffusion and Etest in Müeller-
Hinton agar method and the Vitek 2 Compact 
automated method (Biomerieux) as per the 
recommendations of the Clinical and Laboratory 
Standards Institute (CLSI).3

The following outcome measures were 
assessed: birth weight, gestational age (GA), 
sex,  underlying disease,  r isk factors  for 
infection such as surgery, assisted mechanical 
ventilation (AMV), urinary catheter, parenteral 
nutrition, vascular lines, prior antibiotic use, age 
at the time of infection, clinical characteristics, 
microbiological laboratory analysis, treatment, 
course, and the presence of enteral colonization 
with the same microorganism.

Infection-associated mortality was defined 
as that occurred within one month after starting 
an antibiotic therapy adequate for the isolated 
microorganism as per the antibiogram sensitivity 
results.

Statistical analysis: Data were processed 
using the Epi-Info 6.0 software. Continuous 
outcome measures were reported as mean or 
median and range. Categorical outcome measures 
were expressed in number and percentage, and 
a p value ≤ 0.05 was considered statistically 
significant. A univariate analysis was done to 
assess the risk factors for infection and mortality.

ETHICAL ASPECTS
The study was approved for publication by 

the Hospital Ethics Committee of Hospital de 
Pediatría “J. P. Garrahan”.

RESULTS
A total of 21 patients with carbapenem-

resistant MDRGN infection were included; 20 of 
which had acquired it at the NICU of Hospital de 
Pediatría “J. P. Garrahan”.

Patients’ median GA was 35 weeks (range: 
28-39 weeks) and their median birth weight was 
2070 g (range: 920-3850 g); 14 patients (66 %) 
were males. Twelve patients (57 %) were preterm 
infants (GA < 37 weeks), and 6/12 (50 %) had a 
birth weight of less than 1500 g.

All patients had an underlying disease. Most 
of them, 14 patients (67 %), had gastrointestinal 
tract involvement (gastroschisis, esophageal 
atresia, anorectal malformation, intestinal atresia, 
necrotizing enterocolitis); 12/14 (86 %) had 
congenital malformations that required surgery.

Every patient had risk factors for infection. 
The presence of a central venous line (CVL) 
and prior antibiotic use were observed in the 
21 patients (100 %). The median length of CVL 
use was 29 days (range: 10-114 days). A history 
of surgery and AMV and parenteral nutrition 
requirements were observed in 18 (86 %) and 
20 (95 %) patients, respectively (Table 1).

A history of prior infection was recorded in 
18 patients (85 %), and it was microbiologically 
documented in 12 of them (57 %). The median 
age at diagnosis was 28 days (range: 8-90 days). 
The diagnosis was primary bacteremia in 
12 patients (57 %), bacteremia secondary to 
enteritis (5 patients, 24 %), urinary tract infection 
(3 patients, 14 %), endocarditis (1 patient, 5 %).

Outcome measures 
Birth weight (median)  2070 grams
 (r: 920-3850)
Gestational age (median) 35 weeks
 (r: 28-39)
Male sex, N(%) 14 (66)
Prematurity (GA < 37 weeks), N(%) 12 (57)
Underlying disease, N(%) 21 (100)
Age at diagnosis (median), days 28 (8-90)

Risk factors for infection, N(%) 
Central venous line  21 (100)
Prior antibiotic use 21 (100)
Underlying disease 21 (100)
Assisted mechanical ventilation 20 (95)
Parenteral nutrition  20 (95)
Prior infection  18 (86)
Prior surgery 18 (86)
Gastrointestinal disease  14 (67) 

Table 1: Population and risk factors for infection

GA: gestational age.



8  /  Arch Argent Pediatr 2019;117(1):6-11  /  Original article

Microorganisms were isolated in the blood 
culture of 18 patients (86 %), in the urine culture 
of 2 (9.5 %), and in the peritoneal fluid culture 
of 1 (4.5 %). In 3 patients (14 %), MDRGN bacilli 
were isolated together with other microorganisms, 
forming a polymicrobial flora.

T h e  m a i n  i s o l a t e d  m i c r o o r g a n i s m s 
were Acinetobacter baumannii in 17 patients 
(81 %), carbapenemase-producing Klebsiella 
pneumoniae (CPKP) in 3 (14 %), and Enterobacter 
cloacae in 1 (5 %). All children in this series 
underwent an intestinal colonization test for 
MDRGN; results showed that 7 (33 %) also 
presented intestinal colonization with the same 
microorganism: 5 with Acinetobacter baumannii 
and 2 with CPKP (Table 2).

Thirteen patients (63 %) had received prior 
carbapenem treatment (meropenem) for a mean 
of 14 days (range: 4-46 days).

The targeted antibiotic therapy based on 
microbiological sensitivity consisted in colistin 
in 19 patients (90 %); in 16/19 patients (84 %) 
it was combined with ampicillin-sulbactam for 
Acinetobacter baumannii and with meropenem for 
CPKP as per the synergy testing results. Colistin 
was not administered to 2 patients (10 %) because 
they died before microbiological isolation was 
confirmed and an adequate antibiotic therapy was 
indicated. The 3 patients who received colistin 
monotherapy had an adequate clinical course; 
Acinetobacter spp. had been isolated in them. The 
median antibiotic therapy duration was 14 days 
(range: 1-48 days). The median length of stay was 
86 days (range: 10-455 days).

Five patients (24 %) died due to the MDRGN 
infection (mortality: 24 %); 2 of them did not 
live to receive the adequate therapy. The other 
3 patients were on day 1, 16, and 21 of colistin-
meropenem combination therapy, respectively.

Four  of  the  deceased pat ients  (80  %) 
were males and had gastrointestinal disease. 
Acinetobacter baumannii was isolated in 3 patients, 
and CPKP, in the other 2. All deceased patients 
were preterm infants with a median GA of 
31 weeks and a birth weight of 1521 g.

The  univar ia te  ana lys is  showed that 
prematurity and a birth weight < 2000 g were 
risk factors associated with mortality (p = 0.03 and 
0.01), respectively.

DISCUSSION
Infections are one of the most common 

complications in the NICU; they lead to an 
increase in morbidity and mortality, an extended 
length of stay, and higher hospital costs, 
especially in the case of multidrug resistant 
microorganisms.1

Although, in general, the most common 
microorganisms observed in the NICU are 
Gram-positive cocci, the incidence of Gram-
negative infections and multidrug resistant 
microorganisms has increased in recent years.4 
The emergence of MDRGN bacilli, especially 
those resistant to carbapenems, is a diagnostic 
and therapeutic challenge in the neonatal 
population because the evidence is limited 
to case series or small outbreaks, in addition 
to the scarce availability of treatments with 
proven effectiveness and safety, as well as the 
multiple hurdles caused by the implementation 
of adequate isolation measures at the NICU. Most 
recommendations have been extrapolated from 
the experience in adults.5,6

MDRGN infections have been mainly reported 
in preterm newborn infants and in patients with 
risk factors, such as the presence of an underlying 
disease, extended length of stay, surgery, prior 
antibiotic use, and invasive procedures, like CVL, 
AMV, and urinary catheter.7,8

All patients in this series had one or more 
risk factors for MDRGN infection, and more 
than half were preterm infants. In maternity 
centers where preterm infants are monitored, 
bronchopulmonary dysplasia and perinatal 
neurological disease were the most commonly 
associated conditions.9

Prior antibiotic use, especially third-generation 
cephalosporins and carbapenems, is key for the 
development of resistance.10,11

The use of broad-spectrum antibiotics and 
carbapenems has increased in recent years 
due to the growth of extended spectrum beta-
lactamase (ESBL)-producing bacilli, which has 

 N (%) 
Isolation site 

Blood culture 18 (86)
Urine culture 2 (9,5)
Peritoneal fluid culture 1 (4,5)

Isolated microorganisms
Acinetobacter baumannii 17 (81) 
CPKP 3 (14)
Enterobacter cloacae 1 (5)

Prior gastrointestinal colonization 7 (33,3)

Table 2. Microbiological findings

CPKP: Carbapenemase-producing Klebsiella pneumoniae.
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favored the development of carbapenem-resistant 
MDRGN bacilli.12 These findings are consistent 
with those of our study, where all children were 
observed to have a history of prior antibiotic 
use. Meropenem was the most commonly used 
antibiotic based on the epidemiology observed 
at the NICU and was part of the initial empirical 
therapy for suspected nosocomial sepsis.

The development of MDRGN at the NICU was 
directly related to a greater antibiotic use due to 
the higher number of hospital-acquired Gram-
negative infections during such period. The most 
frequent presentations of MDRGN infections 
were sepsis and bacteremia (68 %), followed by 
urinary tract infection and pneumonia, among 
others.13 In this series, primary bacteremia was 
the most common clinical presentation, followed 
by enteritis and urinary tract infection.

The epidemiology of carbapenem-resistant 
MDRGN bacil l i  varies depending on the 
series. Acinetobacter baumannii and Klebsiella 
pneumoniae were the most frequently reported 
microorganisms.14 In our series, Acinetobacter 
baumannii was the most common one, followed 
by CPKP and Enterobacter cloacae, in agreement 
with the bibliography.

The antibiotic therapy of choice and the need 
for a combination with other antimicrobials in 
MDRGN infections have been the subject of 
controversy. Carbapenem use has increased in 
the past 10 years due to the dissemination of 
ESBL+ Gram-negative bacilli; this has favored 
the emergence of carbapenemase-producing 
genes (KPC, NDM, OXA-48, among others), 
which facilitate inter-human and inter-species 
dissemination of resistant bacteria.15 Carbapenem-
resistant MDRGN infections are resistant to all 
beta-lactams, including carbapenems and their 
combination with beta-lactamase inhibitors 
(except for ceftazidime-avibactam) and usually 
coexist with resistance to other antibiotics, 
such as aminoglycosides and fluoroquinolones, 
which restricts treatment options. The resistance 
mechanism may be the result of the production 
of carbapenemases or other mechanisms, 
such as a reduced permeability or drug efflux 
mechanisms.16

The  emergence  and disseminat ion of 
carbapenem-resistant MDRGN bacilli at the 
NICUs have resulted in the need to use old 
antibiotics, such as polymyxins (colistin/
polymyxin B) and fosfomycin, or others like 
tigecycline, to which they are usually sensitive.11

Colistin is a drug that has resurfaced for 

parenteral use in the past decade in relation 
to the emergence of carbapenem-resistant 
MDRGN infections and that, many times, has 
become the only therapeutic option. There 
is scarce experience with its use in newborn 
infants but, with controlled doses and durations, 
it may be a safe and effective drug. Colistin 
in carbapenem-resistant MDRGN infections 
may or not be combined with another agent, 
such as carbapenem, ampicillin-sulbactam/
aminoglycosides, depending on each case.17,18

The experience with the use of fosfomycin 
in newborn infants is scarce and should be 
considered as a last resource for children for 
whom there are no other therapeutic options. 
The advantage of this broad-spectrum antibiotic 
is that it has adequate urine, plasma, lung, and 
cerebrospinal fluid levels and its low toxicity.19 

Resistance has been described in relation to the 
use of fosfomycin as monotherapy so it should 
always be used in combination.20 Other drugs like 
tigecycline are used in older patients, but they are 
not recommended in the neonatal population due 
to their potential action on the growth plate.16,19,20

New antibiotics are currently being developed 
for the treatment of these infections but only a few 
are targeted at carbapenem-resistant MDRGN 
bacilli, such as aztreonam-avibactam, ceftazidime-
avivactam, meropenem + vaborbactam, and 
plazomicin. Only meropenem-vaborbactam 
i s  b e i n g  d e v e l o p e d  w i t h  a  s a f e t y  a n d 
pharmacokinetic assessment for pediatric use, 
including newborn infants.21-23

The definite treatment is indicated based on 
microbiological sensitivity results, and synergy 
or additive testing for each specific situation. The 
definite antibiotic therapy in this series included 
colistin in all patients, except for 2 who died 
before the microbiological result was obtained 
and an adequate antibiotic could be indicated.

The combination with beta- lactamase 
inhibitors to strengthen colistin action in the case 
of Acinetobacter baumannii, which was the most 
commonly isolated microorganism, has been 
described as a synergistic combination in several 
clinical reports.24,25 The antibiotic combination of 
choice and its effect on the reduction of mortality 
in MDRGN infections is a controversial topic.

In a multicenter study in 480 patients 
published in 2017, the antibiotic combination was 
observed to have a protective effect on mortality, 
especially in patients with a severe condition at 
admission, while monotherapy was reserved for 
those with a low risk for mortality.26
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Intestinal colonization with carbapenem-
resistant MDRGN bacilli is directly related to the 
length of stay and the exposure to carbapenem at 
the NICU, although there are no conclusive data 
about the clinical implications of such finding as 
a predictor of infection.27

An epidemiological surveillance study that 
looked for rectal colonization with resistant 
microorganisms showed an association between 
resistant bacteria colonization and the use of 
meropenem for more than 10 days in patients 
hospitalized at the NICU for more than 2 weeks. 
Among colonized patients, 47 % developed 
an infection.28 Considering the heterogeneity 
and scarcity of available studies in newborn 
infants, it is not possible to make conclusive 
recommendations in colonized patients.

MDRGN infections are associated with a high 
risk for complications and death. In adult patients, 
mortality has been reported to be 40-65 %. A 
recent publication described the first estimation of 
neonatal deaths attributed to resistant infections, 
which are responsible for approximately 30 % of 
all neonatal deaths caused by sepsis.29

In our series, mortality was 24 % and related 
factors were prematurity and a birth weight 
< 2000 g (p = 0.03 and p = 0.01, respectively). 

Adequate prevention policies targeted at 
hospital-acquired infections, as well as special 
prevention measures against the transmission 
of multidrug resistant microorganisms, together 
with a rational antibiotic use, are key tools to 
prevent the dissemination of these infections.30

CONCLUSIONS
Carbapenem-resistant MDRGN infections 

were observed in patients with predisposing 
factors, such as underlying disease, CVL, and 
prior antibiotic use. Acinetobacter baumannii was 
the main etiologic agent. Mortality was high and 
related to prematurity and a low birth weight. n
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